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Abstract: This project demonstrated the following cost-effective paint 
maintenance procedures: utilization of smart coatings containing fluoresc-
ing compounds, self-healing microcapsules and purpose-formulated sur-
face tolerant coatings to overcoat existing paints. Smart coatings incorpo-
rate microcapsules and fluorescing compounds, which are mixed into 
paint at the time of application. Microcapsules instill the coating with self-
healing, corrosion resistance and passive sensing capabilities. Fluorescing 
compounds improve the coating service life by facilitating faster and better 
inspections, facilitating early identification of problems and therefore, 
timely repairs. The overcoating process does not require extensive surface 
preparation, and can be significantly less expensive than other mainten-
ance practices, particularly when the existing coating contains lead or oth-
er hazardous materials. 

The smart coatings were demonstrated on pipes used in a water handling 
system for a central vehicle wash facility. The overcoating procedure was 
demonstrated on two types of structures: steel tanks and corrugated steel 
hangers. It is recommended that these technologies be implemented as 
standard practice for coating of steel structures for the Army and DoD. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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Executive Summary 

This OSD Corrosion Prevention and Control project demonstrated cost-
effective paint maintenance procedures including utilization of paints con-
taining fluorescing compounds and self-healing microcapsules as well as 
purpose-formulated surface tolerant coatings to overcoat existing paints. 
Overcoating is defined as the practice of painting over existing coatings to 
extend the service life. Maintenance painting of this type does not require 
extensive surface preparation. Overcoating can be significantly less expen-
sive than other maintenance practices particularly when the existing coat-
ing contains lead or other hazardous materials. Moisture cured polyure-
thanes (MCU) are a popular and successful group of overcoat materials. 
MCU are tolerant of relatively poor application conditions and generally 
can be applied at very high humidity and low temperatures. 

Smart coatings incorporate microcapsules and fluorescing compounds, 
which are mixed into paint at the time of application. Microcapsules instill 
the coating with special properties, including self-healing, corrosion resis-
tance, and passive sensing. Fluorescing paints improve and speed the 
identification of application defects, such as holidays, pinholes and thin 
spots, thus improving the performance of the coating system.  

The technology demonstrated in this project at Fort Bragg validates the 
use of surface tolerant paints for overcoating and smart fluorescing and 
self-healing coatings to enhance corrosion protection.  

The surface tolerant overcoating technology is recommended for corrosion 
protection of steel structures that meet established overcoating criteria. 
The technology is applicable for multiple regions and installations, espe-
cially those in hot and humid environments locations where atmospheric 
corrosion is of concern.  

Smart coatings containing microcapsules are recommended for surfaces 
subject to impact and abrasion, but only if the microcapsules become less 
expensive/more cost effective or for critical structures. Smart fluorescing 
coatings are recommended for critical service items including storage 
tanks and pipes.  
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Unit Conversion Factors 

Multiply By To Obtain 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (U.S. liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

mils 0.0254 millimeters 

square feet 0.09290304 square meters 
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1 Introduction 

1.1 Problem statement 

An inspection of steel structures at Fort Bragg indicated problems with 
atmospheric corrosion. Protective coatings used on steel and galvanized 
steel are susceptible to peeling and other deterioration, caused by the 
combined effects of sunlight, moisture, and temperature cycles. This prob-
lem is not unique to Fort Bragg, but exists at all DoD facilities. 

In the past, hexavalent chromium and lead-containing paints were used as 
a matter of routine. Today it is well understood that these types of coatings 
are hazardous to workers and the environment. Containment and disposal 
of surface preparation debris, worker protection, and other regulatory 
compliance costs combine to make removal of hazardous paints very ex-
pensive. In today’s market the cost of repainting structures with lead paint 
costs about $8 – 15/ft2. Prices quotes as high as $20 to $40/ft2 are not un-
heard of.  

Overcoating can be significantly less expensive than other maintenance 
practices particularly when the existing coating contains lead or other ha-
zardous materials. Typical costs in today’s market are $3 – 6/ ft2.  

Coatings in critical service must be carefully inspected in order to ensure 
that the coatings will perform as intended. Critical service includes water 
and POL tanks and pipes for service and waste water as well as fuel and 
other chemicals. Coating defects such as pinholes and holidays can result 
in early failure especially on interior surfaces, but also on exterior surfaces. 
Early coating failure at defects can result in localized failures including 
perforation which can result in leakage and loss of service. Traditional 
means of identifying coating film defects are relatively slow. Low and high 
voltage pinhole testers are effective tools. However, low voltage detectors 
do not work for coatings greater than 20 mils thick. For higher thicknesses 
high voltage detectors are used. These instruments if used incorrectly can 
damage the paint. Neither detector can be used after the coating has been 
in service, doing so will result in false positives and possibly coating dam-
age. Fluorescing coatings can be useful for scheduled inspections of tank 
interiors as well as pipe and tank exteriors providing early detection of 
coating erosion, cracks, and intercoat blistering. A fluorescing coating used 
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as a prime or other coat allows the areas that differ from thinner coats, 
holidays, etc to fluoresce differently and therefore show up by simple visu-
al inspection using a black light. Fluorescing paints have been used suc-
cessfully by Naval Sea Systems Command (NAVSEA) as ballast tank lin-
ings.  

Inspecting for paint film defects on surfaces in critical service is time con-
suming. Low voltage detectors can be operated effectively at 30 ft2/min. 
Inspection of fluorescing coatings can be accomplished at 150 ft2/min. 
Significant cost savings can be realized just in inspection. Low voltage test-
ing costs about $0.05/ft2 while UV-light or LED pocket light inspection of 
fluorescing paints can be accomplished for about $0.01/ft2. Significant 
cost savings can be expected from improved application and acceptance 
inspection as well as periodic inspection. The design life of coating systems 
for lining potable water storage tanks is 40-years for a two coat epoxy sys-
tem. Owners are inured to accepting service lives of just 10 to 15 years. In 
other words there is a great disparity between the service received and the 
potential service of the coating. Improved inspection can go a long way 
towards narrowing that gap.  

The traditional coatings used to prevent corrosion of steel where the top-
coat has been breached are the inorganic and organic zinc rich primers. 
These coatings will sacrifice through galvanic action to protect the steel 
substrate. However, once the zinc is locally consumed, zinc rich primers 
cease to be effective deterrents to corrosion. Self-healing coatings contain-
ing microcapsules can both inhibit corrosion at films breaks, as well as 
heal the localized topcoat failure. A more in-depth description of how mi-
crocapsules and fluorescent coatings work and respective laboratory tests 
on them is presented in Appendix 1. 

During a prior project in 2002, a deluge tank was coated with a moisture 
cure polyurethane coating system similar to the coating system used in 
this project (Race et al. 2003). The coating system on that deluge tank has 
performed well during the past 5 years. During another project in 2005, a 
deluge tank was coated with a moisture cure polyurethane coating system 
similar to the coating system used in this project (CPC Project AR-F-320 
Interim Report). Comparison to these structures can be used to demon-
strate longer-term performance. 
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1.2 Objective 

The objective of this research was to implement cost-effective paint main-
tenance procedures at Fort Bragg including overcoating lead-coated steel 
buildings and steel deluge tanks, applying self-healing coatings to selected 
items, and fluorescing coating to pipes in critical service. The maintenance 
procedures include surface preparation, environmental protection, and 
paint application. 

1.3 Approach 

Candidate steel structures and appurtenances requiring maintenance 
painting were identified. The structures were assessed using established 
techniques to determine the suitability of various paint maintenance pro-
cedures. Overcoat materials, surface preparation methods, and environ-
mental controls were specified. Overcoating, self-healing paint, and fluo-
rescing paint were implemented. The Project Management Plan for this 
CPC project is contained in Appendix A. Product data sheets are presented 
in Appendix B. An economic analysis of applying the subject coatings is 
provided in Appendix C. Environmental health and safety information is 
presented in Appendix D. Suggested language for implementation guid-
ance is provided in Appendix E. A more in-depth technical description of 
how microcapsules and fluorescent coatings work and respective laborato-
ry tests on them is presented in Appendix F. 



ERDC/CERL TR-09-31 4 

2 Technical Investigation 

2.1 Project overview 

2.1.1 Overcoating 

Overcoating practices 

The process of overcoating generally includes the following: low-pressure 
water washing or hand washing to remove surface contaminants; abrasive 
blasting or power or hand tool cleaning to remove corrosion products and 
loose paint; dust removal; and application of overcoat materials. Recom-
mended practices are discussed below and summarized in Table 1. 

Contaminant removal 

Surface contaminants must be removed prior to overcoating the aged coat-
ing. Contaminants such as loose paint, chalk, dirt, grease, oil, and mildew 
may interfere with the adhesion of the overcoat material to the aged coat-
ing. Contaminants may be removed by power washing or hand washing. 

Industry practices include power washing with water at pressures as low 
as 600psi to as high as 7500 psi Pressures between 5000 and 7500 psi are 
capable of removing significant amounts of loose coating as well as minor 
quantities of relatively adherent coating. Such pressures are higher than 
required to remove surface contaminants and as such are more appro-
priately described as a surface preparation method than as cleaning. In 
any case cleaning at higher pressures will almost certainly require the col-
lection and testing of the waste water for lead contamination. Intermediate 
pressures are more generally accepted as appropriate for removal of sur-
face contaminants. In practice water pressure is generally specified as a 
range, because of variability in operator technique and the degree of adhe-
rence and nature of surface contaminants. A biodegradable detergent is 
often added to the cleaning water. Cleaning water is usually applied at 
lower pressures in the 400 to 600 psi range. Rinse water pressures are 
generally higher, usually in the 1500 to 4000 psi range. 

Waste water from pressure washing should be tested. Water that exhibits 
the hazardous characteristic must be disposed of as a hazardous waste. Fil-
tering the solids from collected water may be sufficient to reduce the ha-
zardous characteristic. Some facility owners do not specify that the wash 
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water must be collected. Collection of wash water from elevated structures 
may be difficult. Generally nets or screens are used to collect dislodged 
particulate and the water is allowed to spill onto the ground. Enforcement 
and interpretation of regulations governing such operations are highly va-
riable. Waste water from power washing averages 100 to 200 gallons per 
1000 ft2 of surface cleaned. Production rates for power washing average 
about 1000 ft2/hour.  

Removal of surface contaminants may also be performed by hand washing 
the surface. Washing is generally performed using mild detergents. Bleach 
may be added to help eliminate mildew. The cleaning solution is applied 
and the surface is scrubbed with a non-woven abrasive pad. Clean water is 
applied with rags or sponges to rinse the surface. The method is quite ef-
fective at removing tenacious contaminants such as chalk and mildew. 
Ground tarps are sufficient for collecting the minimal quantities of debris 
and waste water produced. Waste water from hand washing averages 10 to 
20 gallons per 1000 ft2 of surface cleaned. Production rates for hand wash-
ing average about 150 ft2/hour.  

Both power washing and hand washing techniques are recommended for 
contaminant removal on projects. The technique to be utilized should be 
selected by the specifier.  

Surface preparation 

Surface preparation methods should be selected to minimize damage to 
the aged coating while providing a clean surface free of loose corrosion and 
loose paint. Sweep and brush-off blasting may disrupt the adhesion or 
fracture the aged coating and may lead to subsequent failures of the over-
coat system. Similarly, spot or zone cleaning using an abrasive method, 
may result in blast media impingement damage to adjacent coated areas. 
Again, this may lead to adhesive failures of the overcoat system.  

Power washing followed by power tool cleaning is used by several state de-
partments of transportation for preparing surfaces for overcoating. Power 
washing removes surface contaminants including dirt, chalk, and salt. 
Power tools are then used to spot clean corroded areas and to remove 
loose coating. Depending on the nature of the structure, several types of 
power tools may be required to prepare the surface. Typical power tools 
used include needle guns, abrasive wheel or disc sanders, and rotary im-
pact tools. Rotary impact tools or needle guns are needed to remove thick 
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deposits of rust scale. Rotary tools such as wheel and disc sanders 
equipped with non-woven abrasive pads are well suited to cleaning broad 
flat areas.  

Two levels of cleanliness may be specified using power tools, SSPC-SP 3 
Power Tool Cleaning and SSPC-SP 11 Power Tool Cleaning to Bare Metal. 
SSPC-SP 11 is significantly more expensive than SSPC-SP 3 and produces a 
higher degree of cleanliness than is necessary for overcoating. SSPC de-
fines the degree of cleanliness in SP 3 as the removal of all loose mill scale, 
loose rust, loose paint, and loose detrimental matter. Furthermore it is not 
intended that adherent mill scale, rust, and paint be removed by this me-
thod. The SP 3 written standard is supplemented by a visual standard, 
SSPC-VIS 3, Visual Standard for Power- and Hand-Tool Cleaned Steel. 
Surfaces suitable for overcoating are most accurately depicted by Condi-
tion E of VIS 3. Condition E depicts mostly intact paint applied over blast-
cleaned steel. Condition G is applicable to a lesser degree and shows a tho-
roughly weathered, blistered, and stained paint applied over a mill scale 
bearing steel. SSPC-SP 3 implies that the entire surface is cleaned with the 
power tools. However, from a practical standpoint it is more cost-effective 
to minimize the surface area that is cleaned with power tools. Surfaces re-
sembling Condition E of VIS 3 will be adequately prepared if only areas 
with visible spots of corrosion or loose paint are power tool cleaned. Sur-
faces resembling Condition G should be power tool cleaned in their entire-
ty. Some specifiers have gone as far as to specify a minimum size corrosion 
spot which requires power tool cleaning. This may also be a cost-effective 
practice as it avoids the need to clean areas with pinpoint or small spots of 
corrosion which may be readily overcoated without cleaning. Another im-
portant aspect of power tool cleaning is the need to remove loose paint 
back to sound paint and to feather edges. This practice will help prevent 
lifting of the aged coating and will provide a better appearance. 

SSPC-SP 2 Hand Tool Cleaning provides the same definition for degree of 
cleanliness as SP 3 Power Tool Cleaning. Research performed by the New 
England regional coalition of state departments of transportation 
(NEPCOAT) has shown that the performance of overcoat materials applied 
over SP 2 cleaned surfaces is significantly poorer than the same materials 
applied over SP 3 cleaned surfaces. These results were based on tests per-
formed over surfaces contaminated with road de-icing salts. SP 2 can be 
used provided that the surfaces to be overcoated are not contaminated 
with soluble salts. 
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Dust removal 

Residual dust produced during power tool cleaning must be removed from 
the surface prior to overcoating. Common dust removal methods recom-
mend in SSPC-SP 3 include brushing, blow off, and vacuuming. Brushing 
and blow off methods should be avoided because they may introduce lead-
containing dust into the air. Wiping down surfaces with rags wet with wa-
ter or solvent is the recommended practice. Rags wet with water reduce 
worker exposures to airborne dust. Solvent wiping also reduces airborne 
dust exposure and may also dry faster and remove more contaminants 
than water wiping. Solvent wiping with clean white rags wet with a high 
flash solvent is the preferred method. 

Overcoat application techniques 

Corroded areas and areas of loose paint that have been prepared by power 
tool cleaning should receive a coat of the specified primer. Areas of eroded 
topcoat where the original primer is exposed or shadows are visible should 
also be primed. In cases where corrosion spots and SP 2 or SP 3 cleaned 
areas are uniformly dispersed and numerous, it may be more cost-effective 
to apply the primer to the entire surface. Spot priming numerous individ-
ual rust spots by brush may be more time consuming than priming the en-
tire surface using a roller. The primer and or the first full coat of the over-
coat system should be applied by brush or roller. Subsequent coats may be 
applied by spray, brush, or roller.  

Table 1. Summary of recommended overcoating practices. 

Procedure Description 
Contaminant 
Removal 

(a) Power Wash – mild detergent solution at 400-600 psi; rinse at 1500-4000 
psi 
(b) Hand Wash – mild detergent and bleach solution with abrasive pad; rinse 
with clean water 

Surface Preparation SP 2 or SP 3 Hand or Power Tool Clean – to remove loose corrosion and 
coating; feather edges 

Dust Removal Hand wipe surfaces with clean rags wet with water or high flash solvent 
Overcoat Application Brush and roll to spot prime; brush, roll, or spray topcoats 

 

Overcoat materials 

Overcoat materials should have good penetration and wetting characteris-
tics. They should be relatively low build materials with good flexibility and 
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should not contain strong solvents. Some commercially available coatings 
have been specifically formulated for overcoating. Certain products have 
been validated in use as overcoats and should be considered as candidates. 
Types of products marketed by paint manufacturers for overcoating in-
clude acrylic latex, calcium sulfonate, alkyd, epoxy, oil and oil-modified 
alkyd, fluoropolymer, polyurethane, polyester, wax, petrolatum tape, ure-
thane-latex, and epoxy-urethane coatings.  

Based on research performed by the New England regional coalition of 
state departments of transportation (NEPCOAT), solvent borne overcoat 
materials are generally superior to water-borne products. However, coat-
ing materials containing strong solvents or those with a high degree of in-
ternal stress should not be used for overcoating. Strong solvents may have 
a tendency to lift the old coating or to cause resin or plasticizer migration 
in the aged coating. Overcoats with a high degree of internal stress will 
transfer their strong internal forces to the underlying aged coating which 
may cause spontaneous delamination of the entire system.  

Steel structures are typically painted with alkyd, epoxy, and polyurethane 
coatings. Historically the Army used lead-containing primers with alkyd or 
oleo resinous topcoats. Most industrial maintenance coating systems are 
designed for adhesion over clean steel surfaces. However, some coatings 
are more tolerant of minimally prepared steel surfaces which have adhe-
rent mill scale and rust. These types of products are generally preferred for 
overcoating painted steel structures.  

Moisture cured polyurethanes (MCU) are a popular and successful group 
of overcoat materials. They are available in a wide range of colors and 
pigmentations. MCU are tolerant of relatively poor application conditions 
and generally can be applied at very high humidity and low temperatures. 
They are quite versatile and performed well in the NEPCOAT overcoat 
study. MCU overcoat systems have been recommended for use on Corps of 
Engineers projects.  

MCU overcoat systems were previously demonstrated and validated under 
the Environmental Security Technology Certification Program. Aluminum 
pigmented MCU was tested on a complex steel lattice railroad bridge at 
Holston Army Ammunition Plant. The projected service-life of the MCU 
overcoat repair was reported to be 12 to 18 years. The projection was based 
on the pre-overcoat condition of the original paint system, the durability of 
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the overcoat materials, and the severity of the exposure environment. 
MCU systems were applied to the exterior of steel deluge tanks and galva-
nized steel hangars at Fort Campbell. The projected service-life of the 
overcoat repair on the tanks was reported to be 15 to 25 years. Both 
projects successfully validated the cost performance of MCU overcoat sys-
tems. 

2.1.2 Smart coatings 

Self-healing coatings 

Self-healing coatings have been developed by ERDC/CERL. These coatings 
incorporate microcapsules, which are mixed into paint as a dry powder at 
the time of application. Microcapsules may instill the coating with special 
properties including self-healing, corrosion resistance, and passive sens-
ing.  

Army research has established that constituents of microcapsules can be 
released when they are ruptured by damage to the coating in which they 
are contained. The investigated microcapsules exhibited long-term stabili-
ty in dried paint films, only releasing active constituents when ruptured.  

The optimum microcapsules were found to have nominal diameters in the 
range of 60 to 150 microns. Large diameter microcapsules are better at de-
livering their functional constituents. However, microcapsules diameters 
should not be greater than the paint thickness.  

Because of its resistance to many of the commonly used paint solvents, 
urea formaldehyde (UF) was found to be the best shell material for con-
taining the functional compounds for self-healing and corrosion resis-
tance. UF shells also have good resistance to the functional compounds 
which they contain and exhibit long-term stability in dried paint films. UF 
shells are relatively easy to break and allow release of their constituents as 
needed. Microcapsules were supplied by Thies Technology, Inc., Hender-
son, NV. The composition of the microcapsules is given in Table 2.  
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Table 2. Composition of microcapsules for self-healing paint. 

Microcapsule 
Description 

EM000808A 
(urea-formaldehyde shell, 60-150 micron diameter) 

Diluent Therminol 66 (modified partially hydrogenated terphenol)  
18.5 Percent by Weight 

Diluent Santicizer 148 
(Isodecyl diphenyl phosphate)  
19.4 Percent by Weight 

Film-Former phenolic varnish  
55.3 Percent by Weight  

Antioxidant butylated hydroxytoluene (BHT)  
0.43 Percent by Weight 

Anticorrosion Agent Irgacor 153 
(alkylammonium salt of (2-benzothiazolylthio) succinic acid in xylene 
preparation  
6.1 Percent by Weight 

 

Fluorescent coatings 

Commercially available fluorescent coatings contain additives that fluo-
resce under ultraviolet (UV) light. Fluorescent coatings can be used as 
primer coatings or other coatings where their fluorescing capabilities aid 
inspection and identification of problems. Inspection can reveal areas 
where coatings have pinholes, holidays, incomplete coverage, and areas 
where corrosion has initiated under the coating. The fluorescent coating 
produces a visual condition that dramatically increases a worker or inspec-
tors ability to “see” paint film defects. Fluorescence is accomplished by in-
corporating a photo-luminescent pigment into the coating. Illumination 
under ultraviolet light allows easy location of film defects at welds, cor-
ners, edges, and crevices. Under-film corrosion can be detected by the vis-
ual emphasis of surface contours.  

Fluorescent additives in coating systems are used in the marine industry to 
extend the life of ballast tanks.

 
Fluorescent coatings are also used for lining 

potable water storage tanks in compliance with NSF Standard 61. They are 
used to enhance inspection of applied coatings both during and after ap-
plication. An applicator or inspector can estimate paint film thickness dur-
ing application by visually identifying areas of high and low luminosity. 
Viewing a topcoat over a fluorescent primer can reveal pinholes, holidays, 
and thin spots in the topcoat. Defects appear as areas of brighter luminosi-
ty than surrounding areas.  
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The average worker with 20/20 vision can usually locate a defect 0.5 mm 
in size. UV fluorescence allows the same worker to locate defects 0.1 mm 
in size or smaller, in both low and normal-light conditions. 

The fluorescing material or optically active pigment selected for use was 
Ciba UVITEX® OB® manufactured by Ciba Specialty Chemicals. UVITEX® 
OB® (2, 5-thiophenediylbis (5-tert- 1, 3-benzoxazole)) is a fluorescing opt-
ical brightener. As a marker in paints the recommended addition of 
UVITEX® OB® is 2 to 4% based on the weight of paint resin. The product 
data sheep for UVITEX® OB® is in Appendix B. 

2.2 Installation of the technology 

Environmental, health and safety information related to surface prepara-
tion and application of overcoating and smart coatings is presented in Ap-
pendix D. 

2.2.1 Overcoating 

Structures selected for overcoating 

The structures evaluated and selected for overcoating are described in Ta-
ble 3 below. 

Table 3. Structures overcoated – Simmons Army Airfield. 

Name Building No. Surface Area Overcoating 
Hangar P-3262 66,315 SF Moisture cure 

polyurethane and 
aliphatic polyurethane 
topcoat 

Deluge Tank #1 4757 SF Moisture cure 
polyurethane and 
aliphatic polyurethane 
topcoat 

Deluge Tank 
 

#2 6585 SF Moisture cure 
polyurethane and 
aliphatic polyurethane 
topcoat 

Total Area Overcoated  77,657 SF  

 

Overcoating risk assessment: Initial condition of structures 

The initial condition of the structures selected for maintenance painting at 
Fort Bragg is detailed below. Structures were rated for corrosion, flaking, 
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erosion, and adhesion. The presence of hazardous lead was determined. 
The initial condition is important because it has a direct bearing on what 
work practices are employed as well as the extent and therefore cost of 
cleaning and surface preparation. The initial condition is included in this 
report to help the reader understand the applicability of the work practices 
employed herein and the relevance of the cost data to other prospective 
projects. The initial condition of the coated structures is depicted by some 
of the photographs contained in the Figures section at the end of the re-
port. Data sheets for total hazardous metals measured in the preexisting 
coatings are shown in Appendix D.  

Simmons Army Airfield hangar  

The hangar is a galvanized corrugated steel structure with steel doors and 
doorframes, steel hangar doors, and structural steel elements. The initial 
paint condition was generally poor with widespread areas of peeling and 
cracking on the exterior siding. Areas of exposed galvanizing were rusting. 
Structural steel elements exhibited areas of active corrosion. 

Lead content on various components was: hangar doors 0.20%, metal 
doors and doorframes 0.63%, CMU non-detectable, corrugated metal sid-
ing 0.22%, and structural steel and ladders 22%.  

The average dry film thickness on the corrugated siding was 7.1 mils. Coat-
ing adhesion on the siding was fair to good. 

Simmons AAF deluge tank #1 

Deluge tank #1 is a welded plate steel structure. The structure was pre-
viously painted in a red and white checkerboard pattern consistent with 
aviation marking requirements. The original system consisted of abrasive 
blasting and application of TT-P-86 Type 2 red lead paint and red and 
white colored alkyd enamel topcoats. The average dry film thickness on 
the exterior tank shell was 10.0 mils. The average on the tank roof was 12.8 
mils. 

The tank was in generally poor condition with significant amounts of paint 
erosion and corrosion. The corrosion rating of the tank shell was about a 
2G (16% to 33% - general corrosion). Topcoat erosion was significant with 
numerous areas of red primer showing. The degree of topcoat erosion was 
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No. 4. In some areas the primer had eroded enough for general corrosion 
to occur. Flaking of the topcoat was not an issue on this structure. 

Total lead in one paint chip sample measured a significant 4.5%. Paint ad-
hesion was generally good.  

The low coating thickness and good adhesion both indicate that there was 
not a significant risk associated with overcoating the shell of the tank. 
However, the percent area corroded (16 to 33%) may exceed the cut-off 
point of 17% where overcoating is not as cost-effective as complete remov-
al and repainting.  

Simmons AAF deluge tank #2 

Deluge tank #2 is a welded plate steel structure. The original system con-
sisted of abrasive blasting and application of TT-P-86 Type 2 red lead 
paint and red and white alkyd enamels. The average dry film thickness on 
the tank shell was 5.2 mils. The average on the tank roof was 4.2 mils. 

The tank shell was in poor condition with significant amounts of paint ero-
sion and corrosion. The rust rating for the tank was 1 (>50%). Active cor-
rosion was noted on the bottom ring of the tank. The degree of topcoat 
erosion on the tank shell was No. 1.  

Total lead in the existing paint measured a significant 5.8%. Paint adhe-
sion was generally good.  

The low coating thickness and good adhesion indicated that the risk asso-
ciated with overcoating the shell of this tank was negligible. However, the 
extent of corrosion (~60%) was high, indicating that the economics of 
overcoating the shell were not predicted to be good. 

Overcoat project specifications 

The painting specifications are summarized in Table 4. SSPC is The Socie-
ty for Protective Coatings. HPW is high pressure washing. DFT is dry film 
thickness. LBP is lead-based paint. 
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Table 4. Simmons AAF Hangar and deluge tanks. 

Work Process 

Surface Preparation and 
Cleaning 

HPW @ 3500 psi - to remove loose paint, chalk, and dirt. 
Spot clean SSPC-SP 2 Hand Tool Clean to remove rust and loose 
paint.  

Environmental Controls Impermeable ground tarps overlaid with semi-permeable ground 
tarps 

Primer Rust Grip 
3.5-4.5 mils DFT 

Finish Coat Enamo Grip 
3.0-4.0 mils DFT 

 

Overcoating work practices 

Overcoating work practices including cleaning, surface preparation, envi-
ronmental controls, and paint application are depicted in photographs 
contained in the Figures section at the end of the report.  

Containment and surface preparation 

Prior to power washing the ground was covered with 4-mil thick plastic 
sheeting extending 8-feet from the exterior walls of the hangar. PVC pipe 
was rapped in the plastic to form a dam and prevent water from spilling on 
the ground. In addition to plastic sheeting perforated tarps were laid over 
the impermeable plastic to collect paint chips while simultaneously allow-
ing water to pass through. Collected water was evaporated. At the comple-
tion of power washing paint chips and plastic sheeting were disposed of as 
hazardous waste. 

Surface preparation 

All exterior siding was power washed at 3500 psi to remove dirt, loose 
paint, oxidation and other contaminants per the specification. After power 
washing, areas that showed surface rust and remaining loose paint were 
prepared according to SSPC-SP2 hand tool cleaning. All signage was re-
moved and reinstalled after the final coat was applied. 
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Installation of coating system  

After surface preparation, one coat of Superior Coatings Rust Grip was ap-
plied by brush and roll application to an average dry film thickness of 4 
mils. After the primer was applied and allowed to cure in accordance to 
manufacture’s requirements, one coat of Superior Coatings Enamo Grip a 
two-component aliphatic polyurethane was applied to an average dry film 
thickness of 3.5 mils. The product data sheets for Enamo Grip and Rust 
Grip are in Appendix B. 

2.2.2 Smart coatings 

Items selected for painting 

Fort Bragg identified severe corrosion at its Central Vehicle Wash Facility 
(CVWF). The 3-foot diameter by 200 feet long inlet pipe to the grit settling 
pond was severely corroded and in need of maintenance. The existing 
coating was badly eroded and chalky. Approximately 60% of the surface 
was rusty. Critical areas such as welds and elbows had cracked coating. 
Coupling flanges, bolts and pipe stands were badly corroded. The existing 
coating was tested for lead and found not to have a significant quantity. 

Base coating for smart additives 

Pipes used in a water handling system for the central vehicle wash facility 
were selected for application of smart coatings. The pipes are exposed to 
precipitation and sunlight as well as periodic condensation. Coal tar epoxy 
(SSPC Paint No. 16) is commonly used to coat larger diameter water pipes 
and was selected for use at Fort Bragg.  

Coal tar epoxy (Amercoat 78HS) loaded with microcapsules, as described 
in section 2.1.2, table 3, was used to stripe coat welds, bolts, and edges. 
Coal tar epoxy loaded with UVITEX® OB® was used to prime the pipe. 
Coal tar epoxy without additives was used as a topcoat. The product data 
sheet for Amercoat 78HS is in Appendix B.  

Project specifications 

The painting specifications are summarized in Table 5.  
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Table 5. CVWF inlet pipe. 

Work Process 

Surface Preparation and 
Cleaning 

SSPC-SP 10 White Metal Blast Cleaning (incorporating SP 1 to 
remove all dirt, oil and grease deposits – using low pressure water 
cleaning) to a blast profile of 2-3 mils 

Environmental Controls NA 

Stripe Coat Brush and roll a stripe coat of Amercoat 78HS + 30%BV 
Microcapsules to all welds, edges, and bolts at 5-8 mils DFT 

Primer Brush and roll a prime coat of Amercoat 78HS + 1%BV UVITEX® OB® 
at 5-8 mils DFT 

Finish Coat Brush and roll a topcoat of Amercoat 78HS at 5-8 mils DFT 

 

Project work practices 

The CVWF grit chamber inlet pipe was cleaned prior to blasting using low 
pressure water to remove dirt, oil, and grease in accordance with SSPC-SP 
1 Solvent Cleaning. The dried assembly was abrasive blasted in confor-
mance with SSPC-SP 10 White Metal Blast Cleaning, using 20/40 coal slag 
grit (Reed Minerals) achieving a 2 to 3 mils blast profile. The prepared 
pipe assembly was stripe coated using a blend of Amercoat 78HS plus 30 
percent by volume of dry microcapsules. Stripe coating with the field 
mixed self-healing coating was performed on all welds, edges, and bolts. 
The stripe coated pipe was coated with Amercoat 78HS containing 1-
percent by volume of dry UVITEX® OB®. The primed pipe was topcoated 
with one coat of Amercoat 78HS. All coatings were applied with brushes 
and rollers. Each coat of paint was inspected with a DFT gage as well as by 
visual inspection using a portable UV light.  

2.3 Technology operation and monitoring 

Protective coatings by their very nature are passive forms of corrosion pro-
tection. Inspectors were used to monitor the installation of overcoating, 
self-healing, and fluorescent paint. Coating performance is generally mo-
nitored over very long time periods. Monitoring will be performed by per-
forming site inspections of the installed coating systems after one year. 
Performance indicators include visible corrosion and coating degradation 
(ASTM D1654-05) as well as adhesion (ASTM D3359 or ASTM D6671-07).  
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3 Discussion 

3.1 Metrics 

3.1.1 Overcoating metrics 

Incorporated into technology 

• SSPC-SP 3 Power Tool Cleaning 
• SSPC-VIS 3, Visual Standard for Power- and Hand-Tool Cleaned Steel 
• SSPC-SP 2 Hand Tool Cleaning 

Performance metrics 

• ASTM D1654-05 Standard Test Method for Evaluation of Painted or 
Coated Specimens Subjected to Corrosive Environments 

• ASTM D3359-07 Standard Test Methods for Measuring Adhesion by 
Tape Test 

• ASTM D6677-07 Standard Test Method for Evaluating Adhesion by 
Knife 

3.1.2 Smart coatings metrics 

Incorporated into technology 

• SSPC-SP 10 White Metal Blast Cleaning 
• SSPC Paint No. 16 Coal Tar Epoxy 

Performance metrics 

• ASTM D1654-05 Standard Test Method for Evaluation of Painted or 
Coated Specimens Subjected to Corrosive Environments 

• ASTM D3359-07 Standard Test Methods for Measuring Adhesion by 
Tape Test 

• ASTM D6677-07 Standard Test Method for Evaluating Adhesion by 
Knife 
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3.2 Results 

3.2.1 Overcoating results 

Approximately 78,000 ft2 of steel surfaces were successfully overcoated at 
Fort Bragg. Overcoats were applied to two distinct types of structures – 
steel tanks and corrugated steel hangers. These structures are listed in the 
following table. 

Table 6. Structures overcoated – Simmons Army Airfield. 

Name Building No. Surface Area Overcoating 

Hangar P-3262 66,315 SF Moisture cure 
polyurethane and 
aliphatic polyurethane 
topcoat 

Deluge Tank #1 4757 SF Moisture cure 
polyurethane and 
aliphatic polyurethane 
topcoat 

Deluge Tank 
 

#2 6585 SF Moisture cure 
polyurethane and 
aliphatic polyurethane 
topcoat 

Total Area Overcoated  77,657 SF  

3.2.2 Smart coatings results 

Approximately 2000 ft2 were successfully coated with smart coatings. The 
3 –foot diameter by 200 feet long inlet pipe to the grit settling pond, which 
is part of the water handling system for the Central Vehicle Wash Facility 
(CVWF), was chosen as the surface to receive the smart coatings. The 
smart coatings were applied as indicated in the following table. 

Table 7. CVWF inlet pipe treated with smart coatings 

Stripe Coat Brush and roll a stripe coat of Amercoat 78HS + 30%BV 
Microcapsules to all welds, edges, and bolts at 5-8 mils DFT 

Primer Brush and roll a prime coat of Amercoat 78HS + 1%BV UVITEX® OB® 
at 5-8 mils DFT 

Finish Coat Brush and roll a topcoat of Amercoat 78HS at 5-8 mils DFT 

3.3 Lessons learned 

3.3.1 Overcoating 

• Collection of wash water from elevated structures may be difficult. 
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• Residual dust produced during power tool cleaning must be removed 
from the surface prior to overcoating. 

• Spot priming numerous individual rust spots by brush may be more 
time consuming than priming the entire surface using a roller. 

• Power washing pressures should be limited such that substantial 
amounts of lead-containing paint are not removed. 

• Filtering the solids from collected water may be sufficient to reduce the 
hazardous characteristic. 

3.3.2 Smart coatings 

Although most of the procedures followed are standardized, the use of self-
healing microcapsules and fluorescent additive requires attention to sev-
eral additional details, primarily selection of the proper self-healing mi-
crocapsules and fluorescent additive, accurate measurement and mixing of 
the microcapsules and additive, and selection of the method of application. 
For example, it was found that the primer with the microcapsules and flu-
orescent additives should be brushed or rolled onto the substrate rather 
than sprayed. 

In order for the CVWF to remain operational while the recoating process 
was carried out, only one side of the grit settling chamber was shut down 
at a time. Also, it was found the following surface preparation process 
should be followed: (1) low-pressure water washing to remove surface con-
taminants; (2) abrasive blasting to remove all existing coating material 
and corrosion; and (3) application of coating systems with fluorescent ad-
ditives and self healing microcapsules mixed in at the time of application, 
rather than premixed, in order to avoid damage of additive and microcap-
sules by paint solvents. 

The analysis of the images under fluorescent illumination requires some 
practice, and the use of such coatings with known defects is strongly sug-
gested. Dust and other small particles on the surface of the coatings fluo-
resces brightly, and one must learn to differentiate from actual defects in 
the coatings. 

A follow-on inspection of the coated inlet pipe at the CVWF grit settling 
chamber was performed in April 2009. A report of the inspection findings 
is included as Appendix G.  
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4 Economic Summary 

4.1 Costs and assumptions 

4.1.1 Unit area costs 

Unit area costs for overcoating are summarized in Tables 8 through 11. 
Costs are calculated using a blended wage rate of $26.55/h, based on the 
prevailing wage rates for a certified industrial painter, foreman, and su-
pervisor in North Carolina plus fringe benefits. 

Table 8. Simmons AAF Hangar (overcoating ). 

Work Phase Hours Production (ft2/h Cost ($/ft2) 

Mobilization/demobilization 132 NA 0.053 

Health and raining 172 NA 0.069 

Setup/cleanup 442 NA 0.177 

Power wash/hand tool clean 500 133 0.200 

Paint application 1860 36 0.745 

Materials NA NA 0.273 

Miscellaneous NA NA 0.369 

Total   1.855 

 
Table 9. Simmons AAF Deluge Tank 1 (overcoating). 

Work Phase Hours Production (ft2/h Cost ($/ft2) 

Mobilization/demobilization 13 NA 0.073 

Health and raining 17 NA 0.095 

Setup/cleanup 75 NA 0.419 

Power wash/hand tool clean 71 67 0.396 

Paint application 120 40 0.670 

Materials NA NA 0.315 

Miscellaneous NA NA 0.500 

Total   2.468 

 



ERDC/CERL TR-09-31 21 

Table 10. Simmons AAF Deluge Tank 2 (overcoating). 

Work Phase Hours Production (ft2/h Cost ($/ft2) 

Mobilization/demobilization 20 NA 0.081 

Health and raining 24 NA 0.105 

Setup/cleanup 139 NA 0.560 

Power wash/hand tool clean 91 72 0.367 

Paint application 220 30 0.887 

Materials NA NA 0.289 

Miscellaneous NA NA 0.568 

Total   2.857 

 
Table 11. Central vehicle wash facility (smart coatings). 

Work Phase Hours Production (ft2/h Cost ($/ft2) 

Mobilization/demobilization 18 NA 0.230 

Health and raining 24 NA 0.307 

Setup/cleanup 66 NA 0.844 

Abrasive blast clean 63 33 0.806 

Paint application 251 20 3.212 

Materials NA NA 7.699 

Miscellaneous NA NA 1.638 

Total   14.736 

 

4.1.2 Cost variability 

The average cost of overcoating at Fort Bragg was $1.98/ft2. The average 
cost for the deluge tanks was $2.70/ft2. The average cost of overcoating 
two similar deluge tanks at Fort Campbell was $3.63/ft2. The cost of over-
coating the Simmons AAF hangar was $1.89/ft2. The average cost of over-
coating similar hangars at Fort Campbell was $2.47/ft2. The cost for over-
coating tanks and hangars at Fort Bragg was about 75% of the cost at Fort 
Campbell.  

An analysis was performed to assess cost variability for overcoating. The 
major cost variables are mobilization/demobilization, health and training, 
surface preparation, paint application, expendable materials, and miscel-
laneous expenses. The cost of mobilization/demobilization ranged from 
$0.053/ft2 to $0.081ft2. The cost of health and training ranged from 
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$0.069/ft2 to $0.1051ft2. The cost of non-productive labor (setup and 
cleanup) ranged from $0.177/ft2 to $0.5601/ft2. The cost of surface prepa-
ration ranged from $0.200/ft2 to $0.396/ft2. The cost of paint application 
ranged from $0.670ft2 to $0.887/ft2. The cost of paint and expendable 
materials ranged from $0.273ft2 to $0.315/ft2. Miscellaneous costs ranged 
from $0.369/ft2 to $0.5681/ft2. Based on the available data from Fort 
Bragg the low and high costs of overcoating are calculated to be $1.81/ft2 
and $2.91/ft2 respectively. The median calculated cost of overcoating at 
Fort Bragg was $2.36/ft2. The cost variability is + $0.55/ft2 or + 23%.  

An analysis was performed to assess cost variability for smart coating ap-
plications. The major variable is the cost of microcapsules. Microcapsules 
used in this project are manufactured to specifications as a special batch 
order item. The future cost of commercially manufactured microcapsules 
could be as low as $470/lb as compared to the present cost of $4700/lb. If 
microcapsules at the lower cost had been available for use at Fort Bragg, 
the unit area cost would have been just $8.67/ft2 as compared to the actual 
cost of $14.74/ft2.  

4.1.3 Cost comparison 

The cost of overcoating the structures at Fort Bragg can be compared to 
the cost of complete coating removal and repainting.  

The paint system used for overcoating is similar to, or the same as those 
that may have been used to repaint the structures had all of the pre-
existing paint been removed prior to painting. Therefore application and 
material costs would have been similar or the same as for overcoating. The 
primary cost differential between overcoating and complete paint removal 
and repaint is surface preparation. 

The hangar could not be abrasive blasted because blasting creates dust 
that is incompatible with the functions of the hangar. Additionally, the 
best alternative to abrasive blasting these structures is ultra high pressure 
(UHP) water blasting. Assuming production rates in the range 80 to 100 
ft2/h, the added labor cost of complete coating removal on the hangars 
would have been $0.11/ft2 to $0.24/ft2. Additional costs associated with 
mobilization/demobilization, equipment, health and safety, containment, 
water filtering, and waste disposal would add an estimated $6-8/ft2. The 
estimated cost of repainting the hanger using UHP water blasting and a 
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similar two coat paint system would be about $9-11/ft2 as compared to the 
overcoating cost of $2.85/ft2. 

The deluge tanks could have been contained and dry abrasive blasted to 
remove the existing coating prior to repainting. Assuming production rates 
in the range 150 to 200 ft2/h, the cost of complete coating removal on the 
tanks would have been about $0.40/ft2 to $0.80/ft2 less in terms of pro-
duction labor. However, the additional costs of mobiliza-
tion/demobilization, equipment, materials, containment, worker protec-
tion, and waste disposal would have increased the cost by about $6/ft2 to 
$8/ft2. Overall the cost of abrasive blasting and repainting would have 
been about $8/ft2 to $10/ft2 as compared to an overcoating cost of 
$1.89/ft2.  

The cost of implementing smart coatings at Fort Bragg can be compared to 
the cost of the same job without smart coatings. Assuming that the iden-
tical procedures were used and the cost of microcapsules was $470/lb, 
then the same job without self-healing properties would have been 
$8.00/ft2 and the same job without either self-healing of fluorescent addi-
tives would have been $7.63/ft2 as compared to the projected commercial 
cost of the smart coating installation at $8.67/ft2. The installation of the 
smart coating system is projected to cost just $1.04/ft2 more than the 
regular paint system. 

4.2 Projected return on investment (ROI) 

Alternative 1: The Fort Bragg Central Vehicle Wash (CVWF) inlet pipe to 
the grit settling chamber will require replacement 8 years from now, at a 
cost of $15.8M, plus the materials cost of coating the new pipe with smart 
fluorescent-self-healing coatings ($410K), as shown under Baseline Costs 
as $16.21M in Year 8. Average annualized maintenance costs of the system 
is $35K, as shown under Baseline Costs. Additional costs are damage to 
Army vehicles due to corrosion, and downtime at $50K from year 1 to year 
8. Also included in year 8, as additional costs, is the $8.5 M in corrosion of 
vehicles due to non-availability of the CVWF, therefore the total cost 
shown under New System Benefits/Savings in Year 8 is $8.55M. 

Alternative 2: Recoating the existing inlet pipes and components using 
smart self-healing-fluorescent based coatings in year 1 at a project cost of 
$1M is projected to extend the lives of the original coating systems by 
another 30 years. These coatings will show when maintenance is needed 
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via fluorescence. Generally, they require very little maintenance ($2,500) 
as shown under New System Costs. The downtime cost for coating the pipe 
in year 1 is minimal ($10K), as shown under New System Costs. 

The additional cost of replacement of the inlet pipes and other compo-
nents due to corrosion, and downtime (resulting in corrosion of vehicles) 
are avoided, as shown under New System Benefits/ Savings. The struc-
tures will again need recoating in year 38. After Year 8, the maintenance 
costs are the same, so no further analysis is needed. 

Comparing the two alternatives, the potential return-on-investment (ROI) 
for Alternative 2 is projected to be 14.85. 

1,000,000

14.85 Percent 1485%

21,938 14,868,402 14,846,465

A B C D E F G H
Future 
Year

Baseline Costs Baseline 
Benefits/Savings

New System 
Costs

New System 
Benefits/Savings

Present Value of 
Costs

Present Value of 
Savings

Total Present 
Value

1 35,000 10,000 50,000 9,346 79,441 70,095
2 35,000 2,500 50,000 2,184 74,239 72,056
3 35,000 2,500 50,000 2,041 69,386 67,345
4 35,000 2,500 50,000 1,907 64,847 62,939
5 35,000 2,500 50,000 1,783 60,605 58,823
6 35,000 2,500 50,000 1,666 56,636 54,970
7 35,000 2,500 50,000 1,557 52,930 51,373
8 16,210,000 2,500 8,550,000 1,455 14,410,320 14,408,865
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Return on Investment Calculation

Net Present Value of Costs and Benefits/Savings

Return on Investment Ratio

Investment Required
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5 Conclusions and Recommendations 

5.1 Conclusions 

Implementation of overcoating and smart coatings will provide the bene-
fits of restoring structures to their optimum operating conditions, as well 
as reducing maintenance costs, and increasing safety. For example, fire 
suppression systems utilizing deluge tanks will remain operational and 
therefore training and operations flights will not be grounded. Safety is in-
creased when smart coatings help protect failure critical components. 
Timely maintenance utilizing surface tolerant coatings for overcoating will 
reduce overall maintenance costs compared to total coating removal and 
replacement. 

All of these coating technologies are commercially available and ready for 
implementation as solutions to the corrosion problems on hangars, flight 
control towers, POL tanks, potable water tanks, piping, deluge tanks, met-
al buildings and other types of steel structures.  

5.2 Recommendations 

5.2.1 Applicability 

Overcoating 

The surface tolerant coating technology demonstrated under this project is 
advocated for corrosion protection of steel structures that meet established 
overcoating criteria. The technology is applicable for multiple regions and 
installations, especially those in hot and humid environments where at-
mospheric corrosion is a concern. Overcoating with surface tolerant coat-
ings, such as those described, can also be a useful solution to problems 
with lead hazard control due to lead based paints.  

Smart coatings 

Self-healing coating technology demonstrated under this project is advo-
cated for corrosion protection of steel surfaces where the coating is subject 
to physical damage caused by impact and abrasion. The technology is ap-
plicable to all geographic locations and types of installations. Low areas of 
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structures and appurtenances are likely to be contacted and are especially 
good candidates for self-healing coatings. 

Fluorescing coating technology demonstrated under this project is advo-
cated for corrosion protection of steel surfaces in critical service including 
pipes, tanks, and vessels. The technology is applicable to all geographic lo-
cations and types of installations. 

5.2.2 Implementation 

Overcoating 

Overcoating is currently referred to in UFGS-09900 under Division 5 for 
exterior metal, ferrous and non-ferrous paint. “For overcoating existing 
alkyd, latex or epoxy systems refer to the Evaluation Section of MPI Re-
paint Manual.” It is suggested that overcoating also be referenced at the 
beginning of section 3.5 on preparation of metal surfaces with reference to 
the MPI manual. A draft potential UFGS for overcoating is attached in Ap-
pendix E. 

Smart coatings 

Self-healing coatings are recommended for implementation if the ROI can 
justify their use. They are currently fairly expensive due to the high cost of 
manufacturing the microcapsules. Production scale up is necessary to re-
duce the cost of the microcapsules. At least one manufacturer, a major 
chemical producer, has expressed interest in a license to make the micro-
capsules. A cost reduction of 90% would make self-healing coatings cost 
effective. 

Fluorescing coating technology should be incorporated into UFGS-09 97 
13.16 (January 2007), Interior Coating of Welded Steel Water Tanks; and 
UFGS-09 97 13.17 (January 2007), Three Coat Epoxy Interior Coating of 
Welded Steel Petroleum Fuel Tanks. The recommended revisions are con-
tained in Appendix E. 
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Figures 

 

 
Figure 1. Overcoating the hanger superstructure (working from scaffolding and appropriately 

tied off). 

 

 
Figure 2. Deluge Tank No. 2 before painting. 
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Figure 3. Deluge tanks after overcoating. 

 

 
Figure 4. Simmons AAF hangar after overcoating has been completed. 

 

 
Figure 5. Simmons AAF hangar work in progress. 
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Figure 6. Simmons AAF hangar before painting. 

 

 
Figure 7. Simmons AAF hangar before painting. 

 

 
Figure 8. Simmons AAF hangar doors after overcoating. 
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Figure 9. Simmons AAF hangar before painting. 

 

 
Figure 10. Simmons AAF hangar before painting, showing masking of utility line. 

 

 
Figure 11. Simmons AAF hangar after first MCU coat, showing protective covers and masking. 
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Figure 12. Simmons AAF hangar during overcoating.  

 
Figure 13. Simmons AAF hangar during overcoating. 

 

 
Figure 14. Simmons AAF hangar during power washing to remove dirt, chalk, and loose paint. 
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Figure 15. Simmons AAF hangar before overcoating. Note the extent of rust on the steel 

superstructure and metal siding.  

 
Figure 16. Simmons AAF hangar during overcoating. 

 
 

 
Figure 17. Simmons AAF hangar superstructure after power washing. 
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Figure 18. Inspecting the paint thickness on a deluge tank. 

 

 
Figure 19. Smart coatings on pipe at CVWF grit basin. 

 

 
Figure 20. Before applying smart coatings (note ground tarps for environmental protection).  
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Figure 21. Applying smart coating system to pipe. 

 

 
Figure 22. Abrasive blasting the pipe before applying smart coatings. 

 

 
Figure 23. Pipe before abrasive blasting showing corrosion. 
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Figure 24. Pipe before abrasive blasting showing corrosion.  

 

 
Figure 25. Power washing a deluge tank. 

 

 
Figure 26. Mixing the coal tar epoxy with UVITEX OB fluorescent pigment. 
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Figure 27. Scaffolding in preparation for work on hangar superstructure. 

 

 
Figure 28. Condition of hangar superstructure before work began. 

 

 
Figure 29. Painting the hangar superstructure. 
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Figure 30. Deluge Tank No. 1 before painting. 

 

 
Figure 31. Applying aliphatic polyurethane topcoat to deluge tank. 

 

 
Figure 32. Work in progress showing the overcoat primer, an MCU (Rust Grip). 
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Figure 33. Priming a deluge tank. 

 

 
Figure 34. Priming a deluge tank. 

 

 
Figure 35. Inspecting the deluge tank paint thickness before starting work. 
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Figure 36. Deluge tank with newly completed overcoat system. 

 

 
Figure 37. Applying topcoat to tank roof using a power roller. All work was performed by brush 

and roll to prevent overspray damage to vehicles and facilities. 
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Appendix A: Project Management Plan for 
CPC Project FAR-02 
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Appendix B: Product Data Sheets 
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Appendix C: Economic Analysis of 
Overcoating and Smart Coatings 

Assumptions and calculations 

Overcoating versus repainting 

Four separate cost scenarios are presented assuming varying maintenance 
intervals and remaining structure service life. Costs are calculated on a to-
tal net present value (NPV) basis to reflect the true life-cycle cost of over-
coating versus repainting a structure with pre-existing lead-based paint.  

Alternative 1: Overcoating technology is implemented on steel structures 
at a cost of $2/ft2. The overcoat lasts 10 years and then must be repeated 
at 10 year intervals until the structure needs to be recoated at 30 years. 
The cost of overcoating is compared to repainting the structure at $10/ft2. 
The repainted structure must be touched up after 21 years ($0.50/ft2) and 
again at 26 years ($1.00/ft2). The structure is recoated entirely after 34 
years. The remaining life of the structure is 50 years. Total NPV is calcu-
lated for each scenario and compared to determine a cost ratio of 2.19. 

Alternative 2: Overcoating technology is implemented on steel structures 
at a cost of $2/ft2. The overcoat lasts 10 years and then must be repeated 
at 10 year intervals. The cost of overcoating is compared to repainting the 
structure at $10/ft2. The repainted structure must be touched up after 21 
years ($0.50/ft2) and again at 26 years ($1.00/ft2). The remaining life of 
the structure is 30 years. Total NPV is calculated for each scenario and 
compared to determine a cost ratio of 2.89. 

Alternative 3: Overcoating technology is implemented on steel structures 
at a cost of $2/ft2. The overcoat lasts 15 years and then must be repeated at 
15 year intervals until the structure needs to be repainted at 45 years. The 
cost of overcoating is compared to repainting the structure at $10/ft2. The 
repainted structure must be touched up after 21 years ($0.50/ft2) and 
again at 26 years ($1.00/ft2). The structure is recoated entirely after 34 
years. The remaining life of the structure is 50 years. Total NPV is calcu-
lated for each scenario and compared to determine a cost ratio of 3.30. 
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Alternative 4: Overcoating technology is implemented on steel structures 
at a cost of $2/ft2. The overcoat lasts 15 years and then must be repeated at 
15 year intervals. The cost of overcoating is compared to repainting the 
structure at $10/ft2. The repainted structure must be touched up after 21 
years ($0.50/ft2) and again at 26 years ($1.00/ft2). The remaining life of 
the structure is 30 years. Total net present value is calculated for each sce-
nario and compared to determine a cost ratio of 3.75. 

C1. Overcoating versus repainting Cost Ratio(CR). 

Alternative 1     Alternative 2    

Repainting Scenario      Repainting Scenario     

Remaining Structural Life is 50 years    Remaining Structural Life is 30 years   

Mild Exposure Environment      Mild Exposure Environment     

  Current NFV NPV Year    Current NFV NPV Year 

repaint $10.00 $10.00 $10.00 0  repaint $10.00 $10.00 $10.00 0 
touchup $0.50 $0.93 $0.13 21  touchup $0.50 $0.93 $0.13 21 
touchup $1.00 $2.16 $0.18 26  touchup $1.00 $2.16 $0.18 26 
repaint $5.00 $13.66 $0.53 34  TNPV     $10.31   
TNPV     $10.84              

  
                   

Overcoating Scenario      Overcoating Scenario     

Remaining Structural Life is 50 years    Remaining Structural Life is 30 years   

Mild Exposure Environment      Mild Exposure Environment     

Overcoat Life is 10 years      Overcoat Life is 10 years     

  Current NFV NPV Year    Current NFV NPV Year 

overcoat $2.00 $2.00 $2.00 0  overcoat $2.00 $2.00 $2.00 0 
overcoat $2.00 $2.69 $1.04 10  overcoat $2.00 $2.69 $1.04 10 
overcoat $2.00 $3.61 $0.54 20  overcoat $2.00 $3.61 $0.54 20 
repaint $10.00 $24.27 $1.39 30  TNPV     $3.57   
TNPV     $4.96             

CR=2.19       CR= 2.89       
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Alternative 3     Alternative 4    

Repainting Scenario      Repainting Scenario     

Remaining Structural Life is 50 years    Remaining Structural Life is 30 years   

Mild Exposure Environment      Mild Exposure Environment     

  Current NFV NPV Year    Current NFV NPV Year 

repaint $10.00 $10.00 $10.00 0  repaint $10.00 $10.00 $10.00 0 
touchup $0.50 $0.93 $0.13 21  touchup $0.50 $0.93 $0.13 21 
touchup $1.00 $2.16 $0.18 26  touchup $1.00 $2.16 $0.18 26 
repaint $5.00 $13.66 $0.53 34  TNPV     $10.31   
TNPV     $10.84              

  
                   

Overcoating Scenario      Overcoating Scenario     

Remaining Structural Life is 50 years    Remaining Structural Life is 30 years   

Mild Exposure Environment      Mild Exposure Environment     

Overcoat Life is 15 years      Overcoat Life is 15 years     

  Current NFV NPV Year    Current NFV NPV Year 
overcoat $2.00 $2.00 $2.00 0  overcoat $2.00 $2.00 $2.00 0 
overcoat $2.00 $3.12 $0.75 15  overcoat $2.00 $3.12 $0.75 15 
overcoat $2.00 $4.85 $0.28 30  TNPV     $2.75   
repaint $5.00 $18.91 $0.26 45            
TNPV     $3.28              

CR =3.30        CR = 3.75       

 

Smart coating versus standard coatings 

It is difficult to quantify the potential savings of improved application and 
acceptance inspection as well as periodic inspection. However, significant 
cost savings can be expected. An example which can be used to illustrate 
the costs related to smart coatings versus standard coatings is potable wa-
ter tanks. The design life of coating systems for lining potable water sto-
rage tanks is 40-years for a two coat epoxy system. Owners are inured to 
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accepting service lives of just 10 to 15 years. In other words there is a great 
disparity between the service received and the potential service of the coat-
ing. Improved inspection can go a long way towards narrowing that gap. 
Two alternative scenarios are considered. 

Alternative 1: Smart fluorescing coatings are installed to the inside of a 
water tank with another 40 years of expected use. The tank needs to be re-
lined every 15 years using standard coatings, but only every 40 years with 
smart coatings. The installed costs of smart coatings and standard coatings 
are $8.67/ft2 and $7.63/ft2 respectively. Total net present value is calcu-
lated for each scenario and compared to calculate a cost ratio of 1.21. 

Alternative 2: Smart self-healing coatings are installed to the exterior of a 
pipe with another 30 years of expected service. Smart coatings are touched 
up after 21 years ($0.50/ft2) and 26 years ($1.00/ft2). Standard coatings 
are applied and need to be replaced every 12 years and are touched up 
once at 9 years ($1/ft2). The installed costs of smart coatings and standard 
coatings are $8.67/ft2 and $7.63/ft2 respectively. The cost of microcap-
sules is assumed to be just 10% of the current market cost. Total net 
present value is calculated for each scenario and compared to calculate a 
cost ratio of 1.30. 
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C2. Smart coatings versus standard coatings Cost Ratio(CR). 

Alternative 1     Alternative 2    
Standard Paints Scenario      Standard Paints Scenario     

Remaining Structural Life is 40 years    Remaining Structural Life is 30 years   

Water Tank Interior        Exterior of Pipe       

Standard Coating Life is 15 years    Standard Coating Life is 12 years   

  Current NFV NPV Year    Current NFV NPV Year 

paint 
#1 $7.63 $7.63 $7.63 0 

 
paint #1 $7.63 $7.63 $7.63 0 

paint 
#2 $7.63 $11.89 $2.85 15 

 
touchup $1.00 $1.30 $0.55 9 

TNPV     $10.48   
 

paint #2 $7.63 $10.88 $3.47 12 

  
        

 
TNPV     $11.65   

  
        

   
        

Smart Coatings Scenario      Smart Coatings Scenario     

Remaining Structural Life is 40 years    Remaining Structural Life is 30 years   

Water Tank Interior        Mild Exposure Environment     

Smart Coating Life is 40 years      Overcoat Life is 10 years     

  Current NFV NPV Year    Current NFV NPV Year 

smart 
#1 $8.67 $8.67 $8.67 0 

 smart 
#1 $8.67 $8.67 $8.67 0 

TNPV     $8.67   
 touch 

up $0.50 $0.93 $0.13 21 

  
        

 touch 
up $1.00 $2.16 $0.18 26 

  
        

 
TNPV     $8.98   

CR = 1.21         CR = 1.30       
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Appendix D: Environmental, Health, and 
Safety Information 

Environmental, health, and safety practices for overcoating 

Surface contaminants may be removed by power washing or hand wash-
ing. Power washing pressures should be limited such that substantial 
amounts of lead-containing paint are not removed. Wash water should be 
collected and tested for lead contamination. For elevated work or work 
over water, suspended netting may provide adequate environmental pro-
tection provided this practice is acceptable to local regulators. Hand wash-
ing minimizes the amount of waste generated and may be selected on this 
basis. Hand wash water is readily collected on ground tarps because of the 
relatively small volume. 

Wash water exhibiting the hazardous characteristic must be disposed of as 
a hazardous waste. Filtering solids from the water may be sufficient to re-
duce the hazardous characteristic. Waste water from power washing aver-
ages 100 – 200 gallons per 1,000 ft2 of surface cleaned. Waste water from 
hand washing averages 10 – 20 gallons per 1000 ft2 of surface cleaned. 

Vacuum-shrouded power tools are recommended for preparing corroded 
areas and to remove loose coating. Vacuum shrouds reduce worker expo-
sure to lead-containing dust and reduce the chance of environmental re-
leases. Ground tarps should be used with vacuum-shrouded tools.  

Health and safety requirements are generally the same for overcoating 
projects as for other industrial maintenance painting projects and include 
fall protection, flammable liquid precautions, hearing conservation, eye 
protection, and respiratory protection. Additional requirements may be 
necessary depending on whether workers are exposed to lead above the 
action level during surface preparation activities. Half-face respirators 
with an Assigned Respiratory Factor (APF) of 10 are recommended for use 
during cleaning with vacuum assisted power tools. A greater degree of res-
piratory protection may be required if vacuum assist is not employed. Per-
sonal air monitoring (PAM) should be conducted at the outset of any 
project involving the removal of lead-containing paint to ensure that 
workers are adequately protected.  
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Residual dust produced during power tool cleaning must be removed from 
the surface prior to overcoating. Wiping down surfaces with rags wet with 
water or solvent is recommended as it reduces worker exposures to lead-
containing dust. When solvents are used they should have a high flash 
point. 

Table D1 summarizes the recommended environmental and worker pro-
tection practices. 

Table D1. Summary of recommended worker health and environmental protection practices. 

Procedure Environmental Protection  Worker Health Protection 
Contaminant Removal Collect wash and rinse waters on ground 

tarps and test for lead. Filter water if 
appropriate. 
Use nets for debris collection as a 
minimum for elevated work. 

Hearing and eye protection 

Surface Preparation Vacuum shrouded power tools Respirators with minimum APF 
of 10. Hearing and eye 
protection. 

Dust Removal Wet rags to prevent dust dispersion NA 
Overcoat Application NA Respirators as necessary. Eye 

protection. 

 

Environmental, health, and safety practices for smart coatings 

Health and safety requirements are generally the same for smart coating 
projects as for other industrial maintenance painting projects and include 
fall protection, flammable liquid precautions, hearing conservation, eye 
protection, and respiratory protection. Additional requirements would be 
necessary if workers were exposed to lead above the action level during 
surface preparation activities. Table D2 summarizes the recommended en-
vironmental and worker protection practices. 

Table D2. Summary of recommended worker health and environmental protection practices. 

Procedure Environmental Protection  Worker Health Protection 
Surface Preparation Abrasive blasting with ground and/or 

suspended tarps 
Respiratory, hearing and eye 
protection. 

Dust Removal  Vacuum or blow down with ground and/or 
suspended tarps 

Respiratory and eye protection 

Smart Coating 
Application 

The applied coating meets established 
standards for volatile organic content. 

Respirators as necessary. Eye 
protection. Skin protection. 
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Safety 

In accordance with the Manta Safety Program all employees were drug 
screened, fit tested for respiratory protection equipment and trained by 
the Manta competent person in the use of hazardous material MSDS and 
special equipment. 

Safety Audits and Tool Box Safety meetings were conducted weekly by 
Manta Field and Office Supervision to evaluate potential risks and hazards 
(KARRS). These programs were conducted per Manta’s Industrial Safety 
Program and Fort Bragg Safety Policy to eliminate potential accidents dur-
ing normal work procedures.  
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Appendix E: Suggested Implementation 
Guidance 

Proposed Draft UFGS language for overcoating 

SECTION 09900 
OVERCOATING  

1. GENERAL 
1.1 REFERENCES 
 
The publications listed below form a part of this specification 
to the extent referenced. The publications are referred to in 
the text by basic designation only. 

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 

ANSI Z87.1 (1989; Errata; Z87.1a; R 1999) 
Occupational and Educational Eye 
and Face Protection 

ANSI Z358.1 (1990) Emergency Eyewash and 
Shower Equipment 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
ASTM D 235 (1995; R 1995) Mineral Spirits 

(Petroleum Spirits) (Hydrocarbon 
Dry Cleaning Solvent) 

ASTM D 1186 (1993) Nondestructive Measurement 
of Dry Film Thickness of Nonmag-
netic Coatings Applied to a Ferr-
ous Base 

CODE OF FEDERAL REGULATIONS (CFR) 
29 CFR 1910 Occupational Safety and Health 

Standards 
29 CFR 1910.20 Access to Employee Exposure and 

Medical Records 
29 CFR 1910.134 Respiratory Protection 
29 CFR 1910, Subpart I Personal Protective Equipment 
29 CFR 1926 Safety and Health Regulations for 

Construction 
29 CFR 1926.62 Lead 
40 CFR 117 Determination of Reportable Quan-

tities for Hazardous Substances 
40 CFR 261 Identification and Listing of Ha-

zardous Waste 
40 CFR 261, App III Chemical Analysis Test Methods 
40 CFR 261, App II, Mtd 1311 Toxicity Characteristic Leaching 

Procedure (TCLP) 

 

40 CFR 262 Standards Applicable to Genera-
tors of Hazardous Waste 

40 CFR 262.22 Number of Copies 
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40 CFR 263 Standards Applicable to Transpor-
ters of Hazardous Waste 

40 CFR 355 Emergency Planning and Notifica-
tion 

49 CFR 171, Subchapter C Hazardous Materials Regulations 
 
ENGINEERING MANUALS (EM) 

EM 385-1-1 (1996) U.S. Army Corps of Engi-
neers Safety and Health Require-
ments Manual 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
NFPA 70 (1999) National Electrical Code 

 
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH 
(NIOSH) 

NIOSH Pub No. 98-119 (1998, 4th Ed., 2nd Supplement) 
NIOSH Manual of Analytical Me-
thods 

SSPC: THE SOCIETY FOR PROTECTIVE COATINGS (SSPC) 
SSPC Guide 6 (1997) Containing Debris Generat-

ed During Paint Removal Opera-
tions 

SSPC SP 1 (1982) Solvent Cleaning 
SSPC SP 3 (1982, Editorial Changes 1995) 

Power Tool Cleaning 
1.2 LUMP SUM PRICE 
1.2.1 Painting:  
1.2.1.1 Payment 
Payment will be made for costs associated with "Painting", which 
includes full compensation for furnishing all materials, equip-
ment, and labor required to paint the deluge tank in accordance 
with this section. 

1.2.1.2 Unit of Measure 
Unit of measure: lump sum. 
 

1.3SUBMITTALS 
Government approval is required for submittals with a "G" desig-
nation; submittals having an "FIO" designation are for informa-
tion only. The following shall be submitted: 

SD-08 Statements 
Qualifications and Experience; G. 
The Contractor shall submit certification pursuant to paragraph 
QUALIFICATIONS for all job sites.  
Accident Prevention Plan; G. 
The Contractor shall submit an Accident Prevention Plan in ac-
cordance with the requirements of Section 01 of EM 385-1-1. The 
plan shall include, but is not limited to, each of the topic 
areas listed in Appendix A therein and the requirements of para-
graph SAFETY AND HEALTH PROVISIONS; each topic shall be devel-
oped in a concise manner to include management and operational 
aspects. 
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Respiratory Protection Program; G. 
The Contractor shall submit a comprehensive written respiratory 
protection program in accordance with 29 CFR 1910.134, 29 CFR 
1926.62, and Section 05.E of EM 385-1-1. 

 

Medical Surveillance Plan; G. 
The Contractor shall submit a Medical Surveillance Plan as re-
quired in paragraph MEDICAL STATUS and provide a statement from 
the examining physician indicating the name of each employee 
evaluated and any limitations which will preclude the employee 
from performing the work required. The statement shall include 
the date of the medical evaluation, the physician's name, signa-
ture, and telephone number.  

 

Worker Protection Plan; G. 
The Contractor shall submit a Worker Protection Plan in accor-
dance with the requirements of 29 CFR 1926.62. The plan shall 
address all necessary aspects of worker protection and shall in-
clude activities emitting lead, means to achieve compliance, al-
ternative technologies considered, air monitoring program, im-
plementation schedule, work practice program, administrative 
controls, multicontractor site arrangements, and jobsite inspec-
tions. 

 

Environmental Compliance Plan; G. 
The Contractor shall submit an Environmental Compliance Plan. 
The submitted plan shall address all aspects of establishing and 
demarcating regulated areas, ventilation/containment system per-
formance verification, and reporting of accidental releases.  

 

Waste Classification, Handling, and Disposal Plan; G. 
The contractor shall submit a Waste Classification, Handling, 
and Disposal Plan in accordance with the requirements of 40 CFR 
261 and 40 CFR 262 and paragraph Waste Classification, Handling, 
and Disposal.  

 

Containment Plan; G. 

The Contractor shall submit a plan for containing debris generated during 
paint removal operations in accordance with the requirements of para-
graph Containment. The plan shall include drawings, load-bearing capaci-
ty calculations, and wind load calculations.  

 

SD-18 Records 
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Inspection and Operation Records; G. 
The Contractor shall submit records of inspections and opera-
tions performed in accordance with paragraph INSPECTION. Submit-
tals shall be made on a daily basis.  
1.4 QUALIFICATIONS 
Qualifications and experience shall comply with the following. 
 
1.4.1 Certified Professional 
The competent and qualified person shall have successfully com-
pleted an EPA or state accredited lead-based paint abatement Su-
pervisor course specific to the work to be performed and shall 
possess current and valid state and/or local government certifi-
cation, as required. 
 
1.5 SAFETY AND HEALTH PROVISIONS 
Work shall be performed in accordance with the requirements of 
29 CFR 1910, 29 CFR 1926, EM 385-1-1, and other references as 
listed herein. Matters of interpretation of the standards shall 
be submitted to the Contracting Officer for resolution before 
starting work. Where the regulations conflict, the most strin-
gent requirements shall apply. Paragraph SAFETY AND HEALTH 
PROVISIONS supplements the requirements of EM 385-1-1, paragraph 
(1). In any conflict between Section 01 of EM 385-1-1 and this 
paragraph, the provisions herein shall govern. 
 
1.5.1 Cleaning with Solvents 
 
1.5.1.1 Personal Protective Equipment 
Personal protective equipment shall be provided where required 
by 29 CFR 1910.146 and in accordance with 29 CFR 1910, Subpart 
I. 
 
1.5.2 Paint Application 
 
1.5.2.1 Ignition Sources 
Ignition sources, to include lighted cigarettes, cigars, pipes, 
matches, or cigarette lighters shall be prohibited in area of 
solvent cleaning, paint storage, paint mixing, or paint applica-
tion. 
 
1.6 MEDICAL STATUS 
Prior to the start of work and annually thereafter, all Contrac-
tor employees working with or around paint systems, thinners, 
blast media, those required to wear respiratory protective 
equipment, and those who will be exposed to high noise levels 
shall be medically evaluated for the particular type of exposure 
they may encounter. Medical records shall be maintained as re-
quired by 29 CFR 1910.20. For lead-based paint removal, the med-
ical requirements of 29 CFR 1926.62 shall also be included. 
 
1.7 CHANGE IN MEDICAL STATUS 
Any employee whose medical status has changed negatively due to 
work related chemical and/or physical agent exposure while work-
ing with or around paint systems and thinners, blast media, or 
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other chemicals shall be evaluated by a physician, and the Con-
tractor shall obtain a physicians statement as described in pa-
ragraph MEDICAL STATUS prior to allowing the employee to return 
to those work tasks. The Contractor shall notify the Contracting 
Officer in writing of any negative changes in employee medical 
status and the results of the physician’s reevaluation state-
ment. 
 
1.8 ENVIRONMENTAL PROTECTION 
The Contractor shall comply with the following environmental 
protection criteria. 
 
1.8.1 Waste Classification, Handling, and Disposal 
The Contractor shall be responsible for assuring the proper dis-
posal of all hazardous and nonhazardous waste generated during 
the project. Hazardous waste shall be placed in properly labeled 
closed containers and shall be shielded adequately to prevent 
dispersion of the waste by wind or water. Any evidence of impro-
per storage shall be cause for immediate shutdown of the project 
until corrective action is taken. Nonhazardous waste shall be 
stored in closed containers separate from hazardous waste sto-
rage areas. All hazardous waste shall be transported by a li-
censed transporter in accordance with 40 CFR 263 and 49 CFR 171, 
Subchapter C. All nonhazardous waste shall be transported in ac-
cordance with local regulations regarding waste transportation. 
In addition to the number of manifest copies required by 40 CFR 
262.22, one copy of each manifest will be supplied to the Con-
tracting Officer prior to transportation. 
 
1.8.2 Containment 
The Contractor shall contain debris generated during paint re-
moval operations in accordance with the requirements of SSPC 
Guide 6, Class 2P. The Contractor may use vacuum shrouded power 
tools and ground tarps in lieu of Class 2P containment.  
 
1.9 PAINT PACKAGING, DELIVERY, AND STORAGE 
Paints shall be processed and packaged to ensure that within a 
period of one year from date of manufacture, they will not gel, 
liver, or thicken deleteriously, or form gas in the closed con-
tainer. Paints, unless otherwise specified or permitted, shall 
be packaged in standard containers not larger than 5 gallons, 
with removable friction or lug-type covers. Paints that can be 
harmed by exposure to cold weather shall be stored in venti-
lated, heated shelters. All paints shall be stored under cover 
from the elements and in locations free from sparks and flames. 
 
2 PRODUCTS 
 
2.1 Paints 

 

MOISTURE CURE URETHANE OVERCOAT SYSTEM 

DESCRIPTION 



ERDC/CERL TR-09-31 E6 

Moisture Cure Polyurethane Overcoat System 

General Description.  This paint system consists of commercially 

available moisture cure polyurethane primer, intermediate, and topcoat 

products containing solvent, pigment, and additives as necessary to meet 

the stated requirements. Products comprising a system shall all be pro-

duced by the same manufacturer. The topcoat shall be an aliphatic mois-

ture cure polyurethane. Intermediate and topcoat paints shall be single 

pack products. Primers shall be either one or two pack products containing 

zinc or zinc and micaceous iron oxide. The system shall be suitable for 

overcoating aged alkyd coatings as well as properly prepared bare steel. 

Wide latitude is afforded the formulator provided the products meet the 

specified requirements. The paints shall not contain added lead, cadmium, 

chromium, or chlorinated solvents. The products shall be suitable for ap-

plication at temperatures as low as 45oF and up to 95-percent relative hu-

midity. Thinning shall be permitted up to a maximum of 10-percent by vo-

lume unless otherwise limited by the manufacturer. 

Requirements. The coatings shall comply with the following require-

ments: 

(1) Working Properties. The paints shall be readily applied by 

brush, roller, or spray when tested in accordance with FED-STD-141, Me-

thods 4321, 4331, and 4541. The paints shall not streak, run, or sag during 

or after application. 

(2) Dry Time. When applied at the manufacturer’s maximum rec-

ommended dry film thickness and tested in accordance with ASTM D 

1640, dry to recoat times shall not be greater than 4- and 6-hours for the 

primer and intermediate coats respectively and the topcoat shall dry set-

to-touch in not more than 2-hours.  
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(3) Weight Solids Zinc. The percent zinc in the dried primer 

shall not be less than 60-percent by weight. 

(4) Volume Solids. When determined in accordance with ASTM D 

2697 the volume solids of intermediate and topcoat products shall not be 

less than 60-percent.  

(5) Pot Life. Material applied from an open one gallon container 

maintained at 77oF and 40- to 60-percent relative humidity shall meet the 

requirements of Working Properties after 3-hours. 

(6) Flash Point. When determined in accordance with ASTM D 

3278 the flash point of the paints shall not be less than 85oF. 

(7) Adhesion. When determined in accordance with ASTM D 3359 

Method B the adhesion of the untopcoated primer shall be 5B. 

(8) Gloss. When determined in accordance with ASTM D 523 

the 60-degree specular gloss of the topcoat shall be 20 to 50 units (semi-

gloss) or 50 to 85 units (gloss). 

(9) VOC. When determined in accordance with EPA Method 24 

the maximum VOC as supplied and thinned shall by 340 and 420 g/L re-

spectively. 

(10) Color. The topcoat color shall conform to the specified FED-

STD-595 color number or other color as specified on the schedule. 

(11) Corrosion Resistance. When tested in accordance with the fol-

lowing protocol the test panels coated with the system shall show no blis-

tering or rust when evaluated in accordance with ASTM D 714 and D 610 

respectively. The upper limit of the mean maximum undercutting at the 

95% confidence level shall not be greater than 4.0 mm.  
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(a) Test Panel Preparation. Test panels shall be ASTM A 36 

steel measuring 3 x 6 x 0.125 inches. Prior to applying the paint systems 

the test panels shall be solvent and blast cleaned in accordance with SSPC-

SP 1 and SP 5. A nonmetallic blast media shall be used to impart an angu-

lar profile of between 1.5 and 2.5 mils. 

(b) Paint Application. The coatings shall be spray applied us-

ing the manufacturer’s recommended equipment and application parame-

ters. Unless otherwise designated by the manufacturer the dry time be-

tween coats shall be 24 hours.  

(c) Coating Thickness. Dry film thicknesses shall be meas-

ured and recorded for each coat of paint on each test panel using a mag-

netic dry film thickness gage calibrated and used in accordance with ASTM 

D 1186. Unless otherwise specified the average dry film thickness of each 

coat on each panel shall be the manufacturer’s recommended thickness + 

20%. For coatings with a recommended dry film thickness range, the 

manufacturer’s recommendation shall be assumed to be the median of the 

range. Test panels not meeting the dry film requirements shall not be 

used. 

(d) Drying. Coated test panels shall be allowed to air dry un-

der standard laboratory conditions for a minimum of 7 days prior to test-

ing.  

(e) Scribing. Prior to exposure, two scribes each six centime-

ters long shall be made through the coating to the substrate at 45-degrees 

to the long axis of the test panels. The scribes shall be equally spaced from 

each other and from the edges of the panels such that they are centered on 

the upper and lower halves of the panels. Scribing shall be performed with 

the tool specified in ASTM D1654. 
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(f) Cyclic Corrosion Testing. The corrosion resistance of the 

coating system shall be evaluated by ASTM D 5894. Test panels shall be 

exposed in the UV exposure cabinet to begin the first cycle. Triplicate pa-

nels for each coating system shall be exposed for a total of 2688 hours. 

(g) Test Panel Evaluation and Data Reporting. Each test 

panel shall be evaluated at the end of the specified exposure period for 

rusting, blistering, and undercutting at the scribe in accordance with 

ASTM D 610, D 714, and D 1654 respectively, except that for undercutting 

the coating shall be completely removed adjacent to the scribe to the ex-

tent that it is necessary to reveal the entire area subject to undercutting. 

Degree of rusting, blister size, density and location, and maximum under-

cutting on each side of each scribe shall be reported for each test panel. 

2.2 THINNERS 
 
Thinner shall be as specified by the coating manufacturer. 

 
 
3 EXECUTION  
 
3.1 CLEANING AND PREPARATION OF SURFACES TO BE PAINTED 
 
3.1.1 Cleaning of Surfaces 
All surfaces to be painted shall be cleaned before applying 
paint. Cleaning shall be performed by hand scrubbing surfaces 
using a solution of detergent and household bleach in water ap-
plied with an abrasive pad. Surfaces are adequately clean when 
all surface dirt and most staining is removed. The scrubbed sur-
faces then shall be rinsed with clean potable water.  
 

3.1.2 Preparation of Surfaces 
After cleaning, surfaces that will be coated with PAINTING 
SYSTEM A shall be power tool cleaned in accordance with the re-
quirements of SSPC-SP 3. Only areas with visible corrosion or 
loose paint must be power tool cleaned. The surfaces to be power 
tool cleaned (approximately 2000 square feet) have an SSPC VIS 2 
rust rating of 5G (a general distribution of rust over 1- to 3-
percent of the surface).  
 

3.1.3 Solvent Clean 
After cleaning and preparation all surfaces shall be solvent 
cleaned in accordance with SSPC-SP 1 using mineral spirits or 
other low toxicity solvents having a flash point above 100 de-
grees F. Clean cloths and clean fluids shall be used.  
 

3.2 PAINT APPLICATION  
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3.2.1 General 
The finished coating shall be free from holidays, pinholes, bub-
bles, runs, drops, ridges, waves, laps, excessive or unsightly 
brush marks, and variations in color, texture, and gloss. Each 
paint coat shall be applied in a manner that will produce an 
even, continuous film of uniform thickness. Edges, corners, cre-
vices, seams, joints, welds, rivets, corrosion pits, and other 
surface irregularities shall receive special attention to ensure 
that they receive an adequate thickness of paint.  
 

3.2.2 Mixing and Thinning 
Paints shall be thoroughly mixed, strained where necessary, and 
kept at a uniform composition and consistency during applica-
tion. Where necessary to suit conditions of the surface tempera-
ture, weather, and method of application, the paint may be 
thinned immediately prior to use, using the type and quantity of 
thinner recommended by the coating manufacturer. Paint that has 
deteriorated in any manner to a degree that it cannot be res-
tored to essentially its original condition by customary field-
mixing methods shall not be used and shall be removed from the 
project site.  
 

3.2.3 Atmospheric and Surface Conditions 
Paint shall be applied only to surfaces that are above the dew 
point temperature and that are completely free of moisture as 
determined by sight and touch. Paint shall not be applied to 
surfaces upon which there is detectable frost or ice. Except as 
otherwise specified, the temperature of the surfaces to be 
painted and of air in contact therewith shall be not less than 
20 degrees F during paint application nor shall paint be applied 
if the surfaces can be expected to drop to 20 degrees F or lower 
before the film has dried to a reasonably firm condition. Paint 
shall not be applied to surfaces heated by direct sunlight or 
other sources to temperatures that will cause detrimental blis-
tering, pinholing, or porosity of the film. 
 

3.2.4 Time between Surface Preparation and Painting 
Surfaces that have been cleaned and/or otherwise prepared for 
painting shall be primed as soon as practicable after such prep-
aration has been completed but, in any event, prior to any dete-
rioration of the prepared surface. 
 

3.2.5 Method of Paint Application 
Paint shall be applied by brush and roller. Special attention 
shall be directed toward ensuring adequate coverage of edges, 
corners, crevices, welds, and similar surface irregularities. 
 

3.2.6 Coverage and Film Thickness 
Wet film thickness or spreading rates for each coat shall be as 
specified by the coating manufacturer. 
 

3.2.7 Progress of Painting Work 
Where field painting on any type of surface has commenced, the 
complete painting operation, including prime and finish coats, 
on that portion of the work shall be completed as soon as prac-
ticable, without prolonged delays. Sufficient time shall elapse 



ERDC/CERL TR-09-31 E11 

between successive coats to permit them to dry properly for re-
coating, and this period shall be modified as necessary to suit 
adverse weather conditions. Paint shall be considered dry for 
recoating when it feels firm, does not deform or feel sticky un-
der moderate pressure of the finger, and the application of 
another coat of paint does not cause film irregularities such as 
lifting or loss of adhesion of the undercoat. All coats of all 
painted surfaces shall be unscarred and completely integral at 
the time of application of succeeding coats.  
 

3.2.8 Protection of Unpainted Surfaces 
Walls, equipment, fixtures and all other items in the vicinity 
of the surfaces being painted shall be maintained free from dam-
age by paint or painting activities. Paint spillage and painting 
activity damage shall be promptly repaired. 
 

3.3 INSPECTION 
The Contractor shall inspect, document, and report all work 
phases and operations on a daily basis. As a minimum the daily 
report shall contain the following: 

a. Inspections performed, including the area of the struc-
ture involved and the results of the inspection. 
b. Surface preparation operations performed, including the 
area of the structure involved, the mode of preparation, 
the kinds of solvent, and power tools employed, and whether 
contract requirements were met. 
c. Thinning operations performed, including thinners used, 
and thinner/paint volume ratios. 
d. Application operations performed, including the area of 
the structure involved, mode of application employed, am-
bient temperature, substrate temperature, dew point, rela-
tive humidity, type of paint with batch numbers, elapsed 
time between surface preparation and application, elapsed 
time for recoat, condition of underlying coat, number of 
coats applied, and if specified, measured dry film thick-
ness or spreading rate of each new coating. 
 

3.4 PAINTING SCHEDULES 
 

MCU OVERCOAT SYSTEM  
Items or surfaces to be coated: 
__________________________________. 
 
SURFACE 
PREPARATION   PRIMER INTERMEDIATE
 TOPCOAT 
 
 
SP 3 Power Tool Cleaning MCU Primer  MCU Intermediate  MCU 
Topcoat 
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Proposed draft UFGS language for fluorescing coating 

Note: Fluorescing coating technology should be incorporated into UFGS-
09 97 13.16 (January 2007) INTERIOR COATING OF WELDED STEEL 
WATER TANKS and UFGS-09 97 13.17 (January 2007) THREE COAT 
EPOXY INTERIOR COATING OF WELDED STEEL PETROLEUM FUEL 
TANKS. The text in bold type is intended to supplement the information 
contained in the existing documents without the deletion of any existing 
test. 

 

USACE / NAVFAC / AFCESA / NASA UFGS-09 97 13.16 (January 2007) 

Preparing Activity: NAVFAC Superseding 

UFGS-09 97 13.16 (July 2006) 

UNIFIED FACILITIES GUIDE SPECIFICATIONS 

References are in agreement with UMRL dated January 2008 

SECTION TABLE OF CONTENTS 

DIVISION 09 - FINISHES 

SECTION 09 97 13.16 

INTERIOR COATING OF WELDED STEEL WATER TANKS 

01/07 

2.2 COATING SYSTEM 

*********************************************************** 

NOTE: Include bracketed text for new construction only. 

*********************************************************** 



ERDC/CERL TR-09-31 E13 

Alternate systems or products will not be considered. All primer, interme-
diate, and topcoat materials shall be manufactured by one manufacturer. 
[The entire coating system is intended to be applied in the field. Alterna-
tively, surface preparation may be accomplished in the shop, following all 
temperature, humidity, and testing requirements listed herein, followed by 
an application of a hold-primer. Upon completion of field fabrication, all 
shop-applied coatings shall be removed, surfaces prepared to SSPC SP 10, 
and the specified coating system applied. Adjust all shop preparation to 
avoid conflicts with final surface preparation requirements.] 

[2.2.1 NSF Certified Polyamide Epoxy Coating System][2.2.2 MIL-DTL-
24441 Epoxy System for Potable Water Tanks] 

****************************************************************** 

NOTE: Choose the NSF Certified Polyamide Epoxy coating System where 
required. Remove Table I when NSF coating specified. The interme-
diate epoxy coat may be an NSF61 certified product containing 
an optically active pigment (OAP). OAP containing coatings faci-
litate inspection when a black light is used to look for holidays 
and pinholes in the finish coat.  

****************************************************************** 

Select a commercially available, three coat polyamide epoxy coating sys-
tem that is certified in accordance with NSF 61 for contact with potable 
water in water storage tanks of the size being coated. The coating system 
shall be suitable for application in three even coats of 50-100 microns 3-5 
mils dry film thickness (DFT), for a total minimum of 225 microns 9 mils 
DFT. 

****************************************************************** 

NOTE: Choose this system, MIL-DTL-24441 Type III (/20 and /22), for 
potable water where certification to NSF 61 is not required. Edit Table I to 
match. The intermediate epoxy coat may be manufactured to ei-
ther contain or receive an additive in the field containing an 
optically active pigment (OAP). OAP containing coatings facili-
tate inspection when a black light is used to look for holidays 
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and pinholes in the finish coat. Follow the manufacturer’s 
guidelines for using the additive.  

****************************************************************** 

The epoxy coating materials shall be approved by the Naval Sea Systems 
Command and listed on their current Qualified Products List (QPL) for the 
specified materials. 

2.2.2.1 Epoxy Primer Coat 

Epoxy polyamide, MIL-DTL-24441/20 (Formula 150, Type III, Green). 

2.2.2.2 Epoxy Intermediate Coat 

Epoxy polyamide, MIL-DTL-24441/22 (Formula 152, Type III, White 
(Tinted)). Tint to approximately FED-STD-595 color number 27778 par-
chment using pigment dispersions prepared for epoxy paint tinting. 
Manufacturer shall tint material and appropriately label. All other re-
quirements of this Military Specification apply. 

2.2.2.3 Epoxy Topcoat 

Epoxy polyamide, MIL-DTL-24441/22 (Formula 152, Type III, White). 
][2.2.3 MIL-DTL-24441 Epoxy System for Non-potable Water Tanks 

****************************************************************** 

NOTE: Choose this system, MIL-DTL-24441 Type IV 

(/29 and /31), for non-potable water. Type IV materials are not suitable 
for potable water due to Benzyl alcohol. Edit Table I to match. The in-
termediate epoxy coat may be manufactured to either contain 
or receive an additive in the field containing an optically active 
pigment (OAP). OAP containing coatings facilitate inspection 
when a black light is used to look for holidays and pinholes in 
the finish coat. Follow the manufacturer’s guidelines for using 
the additive. 

****************************************************************** 
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The epoxy coating materials shall be approved by the Naval Sea Systems 
Command and listed on their current Qualified Products List (QPL) for the 
specified materials. 

2.2.3.1 Epoxy Primer Coat 

Epoxy polyamide, MIL-DTL-24441/29 (Formula 150, Type IV, Green). 

2.2.3.2 Epoxy Intermediate Coat 

Epoxy polyamide, MIL-DTL-24441/31 (Formula 152, Type IV, White 
(Tinted)). Tint to approximately FED-STD-595 color number 27778 par-
chment using pigment dispersions prepared for epoxy paint tinting. 
Manufacturer shall tint material and appropriately label. All other re-
quirements of this Military Specification apply. 

2.2.3.3 Epoxy Topcoat 

Epoxy polyamide, MIL-DTL-24441/31 (Formula 152, Type IV, White). All 
other requirements of this Military Specification apply. 

3.9.4 Holiday Testing 

No sooner than 48 hours after application of the topcoat, perform holiday 
testing in accordance with the low voltage wet sponge method of NACE 
SP0188 or if optically active pigment is used in the intermediate 
coat use a black light to inspect for holidays. Use a low voltage 
wet sponge to verify that the holiday extends to the steel sub-
strate. Repair holidays per paragraph entitled "Procedure for Holiday and 
Spot Repairs of Newly Applied Coating." 
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USACE / NAVFAC / AFCESA UFGS-09 97 13.17 (January 2007) 

------------------------------ 

Preparing Activity: NAVFAC Superseding 

UFGS-09 97 13.17 (July 2006) 

UNIFIED FACILITIES GUIDE SPECIFICATIONS 

References are in agreement with UMRL dated January 2008 

SECTION TABLE OF CONTENTS 

DIVISION 09 - FINISHES 

SECTION 09 97 13.17 

THREE COAT EPOXY INTERIOR COATING OF WELDED STEEL 
PETROLEUM FUEL TANKS 

01/07 

2.2 COATING SYSTEM 

NOTE: Include bracketed text for new construction only. 

******************************************************************* 

Alternate systems or products will not be considered. All primer, interme-
diate, and topcoat materials shall be manufactured by one manufacturer. 
[The entire coating system is intended to be applied in the field. Alterna-
tively, surface preparation may be accomplished in the shop, following all 
temperature, humidity, and testing requirements listed herein, followed by 
an application of a hold-primer. Upon completion of field fabrication, all 
shop-applied coatings shall be removed, surfaces prepared to SSPC SP 10, 
and the specified coating system applied. Adjust all shop preparation to 
avoid conflicts with final surface preparation requirements.] 
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2.2.1 Epoxy Primer, Intermediate, and Topcoats 

The epoxy coating materials shall be approved by the Naval Sea Systems 
Command and listed on their current Qualified Products List (QPL) for the 
specified materials. 

2.2.1.1 Epoxy Primer Coat 

Epoxy polyamide, MIL-DTL-24441/29 (Formula 150, Type IV, Green). 

2.2.1.2 Epoxy Intermediate Coat 

Epoxy polyamide, MIL-DTL-24441/31 (Formula 152, Type IV, White 
(Tinted)). Tint to approximately FED-STD-595 color number 27778 par-
chment using pigment dispersions prepared for epoxy paint tinting. 
Manufacturer shall tint material and appropriately label. All other re-
quirements of this Military Specification apply. The intermediate 
epoxy coat may be manufactured to either contain or receive an 
additive in the field containing an optically active pigment 
(OAP). OAP containing coatings facilitate inspection when a 
black light is used to look for holidays and pinholes in the finish 
coat. Follow the manufacturer’s guidelines for using the addi-
tive. 

2.2.1.3 Epoxy Topcoat 

Epoxy polyamide, MIL-DTL-24441/31 (Formula 152, Type IV, White). 

3.10.4 Holiday Testing 

No sooner than 48 hours after application of the topcoat, perform holiday 
testing in accordance with the low voltage wet sponge method of NACE 
SP0188 or if optically active pigment is used in the intermediate 
coat use a blacklight to inspect for holidays. Use a low voltage 
wet sponge to verify that the holiday extends to the steel sub-
strate. Repair holidays per paragraph entitled "Procedure for Holiday and 
Spot Repairs of Newly Applied Coating." 
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Appendix F: Smart Fluorescent and Self-
Healing Coatings for Steel Utilities at Army 
Installations 

 

SMART FLUORESCENT AND SELF-HEALING COATINGS FOR 
STEEL UTILITIES AT ARMY INSTALLATIONS 

Ashok Kumar and L. D. Stephenson 
U. S. Army Engineer Research & Development Center (ERDC) 

Construction Engineering Research Laboratory (CERL) 
Champaign, IL 

ABSTRACT 

A smart coating system that provided a means of detecting areas where 
corrosion can initiate was demonstrated and implemented on an Army In-
stallation’s central vehicle wash facility CVWF) grit settling chamber water 
inlet pipe. Optically active additives were incorporated into the primer of a 
commercially available epoxy coating system and tested in the laboratory. 
Following successful testing, these coating systems were implemented on 
the inlet pipe. The coatings fluoresce under ultraviolet (UV) light inspec-
tion to reveal areas where coatings have developed holidays in the top 
coat, or areas of incomplete coverage, which exhibit brighter luminosity 
than surrounding areas. In addition, laboratory tested microcapsules con-
taining film formers, corrosion inhibitors, and marker dyes were mixed 
into paint as a dry powder at the time of application, and applied to critical 
areas of the pipe surfaces. The microcapsules break open if the coating is 
damaged and spill out their contents to protect and mark the damaged 
areas until they can be repaired after UV inspection. The early identifica-
tion of coating damage will allow for more timely maintenance repairs to 
be performed before the surface is destroyed by corrosion.  
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INTRODUCTION 

Central Vehicle Wash Facilities 

Following training exercises, Army vehicles must be cleaned and deconta-
minated to prevent corrosion and ensure long-term dependability. To that 
end, many large Army Installations have central vehicle wash facilities 
(CVWF), which are used to wash soil and mud off Army vehicles, so that 
concentration cell corrosion will not result. The water used in the CVWF is 
recycled as shown in Figure 1. Dirty water is pumped from the CVWF wash 
basin (1) to a grit settling chamber (2), where large particles settle to the 
bottom, and the oil and grease that float to the top, are skimmed off. T he 
water is then pumped to a holding pond (3), and afterwards to a filter bed 
(4), consisting of 1 meter of graded sand, where the fine particle are fil-
tered out. The clean water is pumped to a second holding pond (5), and 
finally back to the CVWF wash basin.  

One large Army installation in the Southeast had identified severe corro-
sion problems at Central Vehicle Wash Facility (CVWF). The 0.65m di-
ameter inlet pipe for the grit chamber was being corroded due to its prox-
imity to the water in the wash basin. If left uncorrected, the pipe would 
have been destroyed by corrosion (Figure 2). Maintenance delays would 
eventually result in pitting, which occurs when complete coating failure 
has occurred and irreversible corrosion damage begins. Without this coat-
ing system, the CVWF inlet pipe would continue to deteriorate, and the 
facility would be forced to shut down more frequently for repairs, in which 
case the benefits of washing vehicles to enhance their resistance to corro-
sion will not be realized. Since there is no other similar facility available at 
this Installation, Army vehicles will not be able to have mud removed un-
derneath. In this case, concentration cell corrosion will develop, because 
the corrodants are held next to the metal of the vehicle. Removal of mud 
by the CVWF prevents this from happening.  

About 20 other Army Installations have similar facilities that suffer similar 
problems. In addition, similar corrosion problems are present at vehicle 
wash facilities at other installations in the Tri-services. Thus, the proposed 
project has far-reaching impact, because the removal of mud from vehicles 
mitigates corrosion.  
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BACKGROUND 

Conventional coating systems do not provide for a method of early identi-
fication of coating failures due to corrosion issues. Current corrosion de-
tection methods typically consist of visually identifying failures after ex-
tensive disbonding of the coating system from the substrate has occurred. 
At this stage, the coating system is normally so severely damaged that total 
removal and recoat is the only solution. This results in extensive mainten-
ance costs and extended down times, a constant burden to operational fa-
cilities. 

In order to address these problems, smart fluorescent self-healing coatings 
were used that have dual functionality built into the primer. These coat-
ings can simultaneously: (1) provide warning of where the coating has 
been damaged via fluorescence and release of marker dyes, and (2) self-
repair the damaged areas. The use of these smart fluorescent and self-
healing coatings would provide the benefits of making inspection easier 
and restoring the CVWF to its optimum operating condition, as well as re-
duced maintenance, and increased safety not only for the CVWF, but for 
the vehicle that use the facility.  

Fluorescent Coatings 

Fluorescent coatings contain additives that fluoresce under ultraviolet 
(UV) light inspection to reveal areas where coatings have developed holi-
days, areas of incomplete coverage, and areas where corrosion has in-
itiated under the coating. The fluorescent coating proposed uses a varia-
tion of non-destructive testing (NDT) to produce a visual condition that 
dramatically increases a workers ability to “see” film coverage defects. This 
is accomplished by the incorporation of a photo-luminescent “tag” in sev-
eral layers of epoxy and polyurethane coatings of an applied system. Ob-
servation of changes in fluorescence allows the operator to easily locate 
film detects even in welds, corners, edges, crevices, or wherever there is a 
dramatic change in surface contour, due to corrosion. 

The utilization of fluorescent additives in coating systems has been in use 
in the marine industry to extend the life of ballast tanks.1, 2 They are used 
for the inspection of applied coatings for holidays both during and after 
application.3, 4 With the fluorescent additives in the primer, areas where 
coatings have developed holidays in the top coat, or areas of incomplete 
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coverage, which exhibit brighter luminosity than surrounding areas. Prior 
to application of the topcoat, areas of brighter than normal luminosity 
tend to indicate higher than expected dry film thickness (DFT); duller than 
normal luminosity indicates lower than expected DFT. After application of 
a topcoat, the fluorescence should disappear; areas where the fluorescence 
is still present are indicative of a lower than normal topcoat thickness. Or-
ganic dust and grit show as speckled bright spots under the UV light, but 
with practice, they are easily identified as such. To eliminate any possibili-
ty of confusing surface contaminants with other defects, the painted sur-
face should be wiped clean prior to UV inspection.  

The average worker with 20/20 vision can usually locate a defect 0.5 mm 
in size. UV fluorescence allows the same worker to locate defects 0.1 mm 
in size or smaller, even in low-light conditions.3 

EXPERIMENTAL LABORATORY INVESTIGATION 

Fluorescent OAA Additives  

Steel coupons (7.5 cm X 22.5 cm) panels were coated with waterborne 
epoxy primer to 125 microns that had a commercially available optically 
active additive (OAA), viz., 4,4 –bis (2-sulfostyryl)-biphenyl disodium salt, 
mixed in at one-volume percent of liquid primer at the time of application. 
The absorption and emission spectrum is shown in Figure 3 and indicate 
indicates absorption of UV light (275-400 nm) and emission primarily in 
the visible violet to blue range. (400-500nm). Steel coupons were then 
top-coated with 25 to 75 microns of water borne epoxy primer, using 
drawdown apparatus. A 35 watt UV-A lamp (275-400 nm) was used to il-
luminate the samples. 

The analysis of the images under fluorescent illumination requires some 
practice, and the use of such coatings with known defects is strongly sug-
gested. Dust and other small particles on the surface of the coatings fluo-
resces brightly, and one must learn to differentiate from actual defects in 
the coatings. 

As can be seen in Figure 4, the primer with OAA shows much brighter lu-
minosity (bright blue white color compared to the darker dull color of the 
primer coat without the OAA, thus allowing differentiating of coatings that 
are too thinly applied from coatings of normal thickness, since the OAA 
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will be seen under UV illumination through a thin coating, as shown in 
Figure 5. Defects in the topcoat, such as scratches are seen glowing 
brightly at A in Figure 6, along with a few small areas indicating lower 
than normal thickness at B.  

Microcapsule Additives  

“Self-healing” coatings are a relatively new technology, recently developed 
by U.S. Army Engineer Research and Development Center (ERDC) Con-
struction Engineering Research Laboratory (CERL).5,6,7,8 Self-healing coat-
ings are made by incorporating microcapsules (60 - 150 microns in diame-
ter) that contain film-formers and corrosion inhibitors into commercially-
available paint primers at the time of coating application. When the coat-
ing is scratched, the microcapsules break and release their corrosion inhi-
bitors and film formers, which protect the underlying steel substrates from 
corrosion, and repair some of the coating damage. Typical urea formalde-
hyde (UF) microcapsules (60 microns average size) are shown in Figure 
7a. In addition, the microcapsules contain conventional dyes and fluores-
cent dyes that will be released to mark damaged areas, as shown in Figure 
7b. These marker dyes will show maintenance personnel which areas of 
the coating require repair, while the film formers and corrosion inhibitors 
provide interim protection. A typical optical micrograph of a cross section 
of self-healing coated with microcapsules in the primer is shown in Figure 
8, and reveals a relative well-dispersed microcapsule mixture. The micro-
capsule additives are used in the coating systems that are applied to the 
critical corrosive areas, such as joints and welds of the pipe.  

FIELD DEMONSTRATION OF FLUORESCENT AND SELF 
HEALING COATINGS 

Pre-application inspection of the pipe to be coated revealed that surface 
rust was present over approximately 60% of the pipe exterior, and that the 
existing paint film exhibited severe chalking. An analysis of paint chips re-
vealed no lead present above actionable levels. The work flow for the coat-
ing process, including surface preparation is given in Table 1. The existing 
coating was thin in several areas, exposing steel to environment and fur-
ther corrosion. Existing coatings in critical areas such as welds, elbows, 
couplers, bolts and pipe stands exhibited signs of cracking, peeling and 
corrosion.  



ERDC/CERL TR-09-31 F6 

Surface Preparation and Coating Activities 

In order for the CVWF to remain operational while the recoating process 
was carried out, only one side of the grit settling chamber was shut down, 
at a time, as shown in Figure 9. The surface preparation process included 
the following: (1) Low-pressure water washing to remove surface contami-
nants; (2) Abrasive blasting to remove all existing coating material and 
corrosion; and (3) Application of coating systems with fluorescent addi-
tives and self healing microcapsules mixed in at the time of application. 

Contaminant Removal 

Surface contamination was removed prior to abrasive blasting activities 
being performed. Surface contaminates were removed by a combination 
power washing and hand washing. Power washing was performed at be-
tween the ranges of 1,500 to 4,000 psi. All surrounding surfaces were pro-
tected from surface preparation activities and coating application. The sur-
rounding areas were protected with tarps, enclosures, and containments, 
as shown in Figure 9. 

Surface preparation consisted of abrasive blasting to Near White Metal 
Blast (SSPC-SP10). The surface profile was 50 to 75 micron profile as 
measured by a press-on-film tape & micrometer. Blast media was 12/40 or 
20/40 grit size or equivalent. This surface preparation method removed all 
rust and old existing coating materials. Spent media was collected and dis-
posed of in accordance with local environmental requirements. 

Application of New Coating Systems 

Coal tar epoxy coatings were applied using roller and brush in two coats to 
the entire surface of the piping structure at a dry film thickness of approx-
imately 25 to 100 microns dry-film thickness (DFT) per coat, as measured 
by magnetic gages. The first coat consisted of epoxy coal tar primer with 
fluorescent additive. As in the case of the laboratory investigation, the flu-
orescent additive was mixed in as a dry powder at one-volume percent of 
epoxy coal tar primer (See Figure 10). After this primer was cured, UV 
light was used to inspect for film defects. The UV light allowed for identifi-
cation of defects 10 microns in size or smaller. If defects were located, they 
were immediately repaired (Figure 11). Future damage to the coating sys-
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tem can be detected by the use of the UV light method during routine 
maintenance inspections. 

At critical areas such as joints, welds, edges, or bolts, a special stripe coat 
of epoxy coal tar is applied. This application includes the mixing of micro-
capsule dry powder additive in the epoxy coal tar product. Self healing 
coatings with microcapsules will provide coatings with additional special 
properties, including self-healing capabilities, corrosion resistance, and 
passive sensing via fluorescent additives that allow for UV inspection and 
dyes in microcapsules that are released when the coating is damaged..  

A final protective membrane of epoxy coal tar without additives was ap-
plied in two coats to the entire surface of the piping structure at a dry film 
thickness of approximately 75 to 100 microns DFT. The entire finished 
system was 250 microns to 400 microns DFT (Figure 12). 

CONCLUSIONS 

This research has shown that coating defects, such as pinholes and cracks 
are visible under UV light inspections of paint systems incorporating fluo-
rescent additives. Laboratory research has revealed that optically active 
additives did not interfere with the ease of paint application, nor with the 
efficacy of the coating, Laboratory research on coatings with known de-
fects provided practice for analyzing fluorescent images. Field application 
of the fluorescent coatings with self-healing microcapsules revealed that 
the optically active additives are effective for identification of areas of in-
adequate coverage, which were subsequently repaired.  

It is believed that the use of these fluorescent additives will ensure a longer 
period of maintenance free service, reduce re-work and reduce paint 
usage, which in turn will reduce VOC emission from the site. Easier and 
improved inspections are expected to allow for identification of defects 
and repairs to the coating system at an early stage, and will prevent more 
expensive repairs which would otherwise occur over the lifetime of the fa-
cility. 
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Table 1. CVWF inlet pipe coating work flow. 

Cleaning and Surface 
Preparation  

Pressure Wash to remove surface contamination at 1,500 to 
4,000psi. Abrasive blast to Near White Metal SSPC10 

Environmental Controls Impermeable ground tarps, or plastic 

Primer Coal Tar Epoxy 78HB with Fluorescent additive; two coats at 75 to 
00 microns dry thickness/coat 

Primer at Critical Areas Coal Tar Epoxy 78HB with Microcapsule additive; one coat at 75 
to 100 microns dry film thickness 

Finish Coat Coat Tar Epoxy 78HB; two coats at 75 to 100 microns dry 
thickness/coat 

 



ERDC/CERL TR-09-31 F9 

 
Figure 1. Typical central vehicle wash facility (CVWF) water cycle. 

  
Figure 2. Corroded inlet pipe at the CVWF grit settling chamber. 



ERDC/CERL TR-09-31 F10 

 
Figure 3. Absorption and emission spectrum of optically active additive (OAA) 4,4 –bis (2-

sulfostyryl)-biphenyl disodium salt. 

 
Figure 4. Steel coupons coated with water borne epoxy primer. The primer with OAA mixed in 

(left) shows much brighter luminosity compared to the primer without OAA (right). 

7.5 cm 

 

7.5 cm 

Emission Peak 
Absorption Peak  



ERDC/CERL TR-09-31 F11 

  
Figure 5. Steel coupons coated with water borne epoxy coatings. Left: thick topcoat applied. 

Middle: topcoat thinly applied (OAA will be seen under UV illumination through a thin coating). 
Right: Primer with OAA mixed in, but without topcoat.  

 
Figure 6. Left: Steel coupon topcoated. Defects in the topcoat, such as scratches are seen 

glowing brightly at A in Fig. 6, along with a few small areas indicating lower than normal 
thickness at B. Right: Primer with OAA mixed in, but without topcoat. 

A 

 

B 

 

7.5 cm 

 

7.5 cm 

 

 

7.5 cm 
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Figure 7. Self-Healing Coatings (a). Microcapsules containing film-formers and corrosion 

inhibitors (b) Self-healing microcapsule release film-formers and corrosion inhibitors when the 
coatings are damaged. 

 
Figure 8. Cross section micrograph of self-healing coatings showing microcapsules in the 

primer. 
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Figure 9. Surface preparation of the inlet pipe of CVWF grit settling chamber prior to coating 

with smart coatings. 

 
Figure 10. Mixing of fluorescent additives into coal tar epoxy formulation, prior to application. 
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Figure 11. Inlet pipe of CVWF grit settling chamber being coated with coal tar epoxy that with 

self healing and fluorescent additives. 

 
Figure 12. Inlet pipe of CVWF grit settling chamber with new coal tar epoxy coating that 

incorporates fluorescent additives and self-healing coatings. 

Coated area is left of pipe joint; 
uncoated area is on the right 
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Appendix G: Smart Coatings Condition 
Assessment Report 
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Background 

Conventional coating systems normally do not provide for a visual method 
of early identification of impending coating failures due to corrosion or 
surface damage other than obvious coating blisters or discolorations 
“bleeding” through the topcoat. Current corrosion detection methods typi-
cally consist of visually identifying failures after disbonding/blistering of 
the coating system from the substrate has occurred. At that stage, the coat-
ing system is normally so severely damaged that more expensive coating 
touchup requirements are needed.  

ERDC/CERL’s approach incorporated the use of proven method of me-
chanical surface preparation of water blasting and abrasive blasting to re-
move coatings and corrosion. The project test cadre then modified the 
standard primers with a novel fluorescing material additive (CIBA® 
UVITEX® OB Fluorescent Whitening Agent, Ciba Specialty Chemicals, 
Inc – now part of BASF) that would be readily visible when exposed to ul-
traviolet (UV) “black light”. The use of commercially available fluorescent 
additives mixed in the conventional coating systems provides the applica-
tor and inspector a capability to quickly identify any discontinuities, voids, 
and other defects and repair these areas.  

Additionally, self-healing coatings have been developed by ERDC/CERL 
and were incorporated in the pipe coating system. These corrosion inhibit-
ing, self-healing microcapsules contain the materials listed in Table G1. 

Table G1. Composition of microcapsules. 

Microcapsule  
Description 

EM000808A 
(urea-formaldehyde shell, 60-150 micron diameter) 

Diluent 
Therminol 66 (modified partially hydrogenated terphenol)  
18.5 Percent by Weight 

Diluent 
Santicizer 148 
(Isodecyl diphenyl phosphate)  
19.4 Percent by Weight 

Film-Former 
phenolic varnish  
55.3 Percent by Weight  

Antioxidant 
butylated hydroxytoluene (BHT)  
0.43 Percent by Weight 

Anticorrosion Agent Irgacor 153 (alkylammonium salt of (2-benzothiazolylthio) succinic 
acid in xylene preparation, 6.1 Percent by Weight 
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ERDC-CERL developed the microcapsules so the protective film formers 
would be released when they are ruptured by damage to the area on which 
they were applied. The film-forming material in the microcapsules would 
then spread over and seal the damaged area.  

As noted in the Manta, Inc., Interim Report (undated) and final project 
report dated January 2008, the test cadre’s inspection of the CVWF identi-
fied severe corrosion problems of the two-foot diameter inlet pipe for the 
grit chamber. A major corrosion issues contributing factor was the location 
of the pipe to the water in the wash basin which contains runoff from the 
vehicle wash and rinse operations. 

As noted in the Manta reports, surface rust was present over approximate-
ly 60% of the pipe exterior (see Figure G1). Coating mil thickness had de-
graded to a point exposing steel to environment and further corrosion. Ex-
isting coatings in critical areas such as welds, elbows, couplers, bolts and 
pipe stands exhibited signs of cracking, peeling and corrosion. Severe 
chalking was also occurring. The Manta project lab analysis of existing 
coating material identified “lead” levels below action levels. Appropriate 
action was taken to contain and properly dispose of the contaminated 
waste per local, state, and federal requirements. 

 
Figure G1. CVWF inlet pipe, May 2007. 

The Manta test cadre water blasted, abrasive blasted, primed and painted 
the CVWF inlet pipe in May 2007. Specific coating preparation and appli-
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cation methods, materials, and processes can be found in MEC’s final 
project report to ERDC-CERL, “DoD Corrosion Prevention and Control 
Program Technology Demonstration: Smart Fluorescent and Self-
healing Coating for Severely Corrosive Environments at Vehicle Wash 
Facilities”, dated January 2008. 

Current site assessment 

On 23 April 2009, Mr. Michael Surratt (MEC) met with Mr. Russ Hayes, 
Directorate of Public Works, Fort Bragg, NC to conduct a follow-up site 
assessment of the coatings at the CVWF location. The CVWF drain pipes 
are shown in Figure G2. 

 
Figure G2. Fort Bragg CVWF inlet piping, 23 May 2009. 

The oil skimmer line 
allowed collected oils on the 

plastic loop to drip on the 
inlet pipe at this location. 
No visual deterioration of 

the coating was noted. 
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Mr Surratt and Mr. Hayes inspected the CVWF inlet piping and sand fil-
tration drain fields O9387, O9386, and O9385. With the exception of sur-
face coating fading, as would be expected with an epoxy type coating sys-
tem when exposed to UV radiation, the coating system was sound, no 
defects or surface corrosion or coating blisters were noted. We did note a 
small area on the inlet pipe under the oil skimmer line collection point 
(Figure 2) that was oil soaked and appeared to be overflow from the collec-
tion basin but the oil did not appear to affect the coating. We did not ac-
complish any destructive inspections on any areas of the inlet pipe or drain 
field pipes to verify the fluorescence or self healing properties of damaged 
coatings.  

Attempts were made to identify any possible coating defects using UV 
light, however as expected the UV light was ineffective in sunlight. Mr. 
Surratt returned to the CVWF at night and rechecked the areas previously 
noted. No defects were noted. Figure G3 typifies the appearance of the pip-
ing painted in May 2007 with the test coatings. 

 
Figure G3. Typical inspection results using UV light at night. 
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Recommendations 

Based on the data provided in the interim and final reports, mixing and 
application of the modified coatings would not require specialized train-
ing. However, the identification of the microcapsule self healing coating 
and UV fluorescing material is very limited and it subsequent use(s) is not 
commonly known in the industrial painting community. 

MEC recommends changes are made to Unified Facilities Criteria (UFC) 3-
190-06, Protective Coatings and Paints, (dated 01-16-2004) to incorpo-
rate the test materials and provide instructions for mixing, application, 
and UV inspection procedures in the appropriate sections of the docu-
ment. That would ensure the material identification, mixing, and applica-
tion information is maintained and utilized when project engineers devel-
op tailored Unified Facility Guide Specifications. As this is a Tri-Service 
document, recurring procurement demands placed on the fluorescing ad-
ditives and self-healing microcapsule manufacturers should drive a lower 
unit cost improving the overall facility infrastructure life cycle cost return-
on-investment. 

 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, 
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not 
display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 

1. REPORT DATE (DD-MM-YYYY) 
August 2009 

2. REPORT TYPE 
Final 

3. DATES COVERED (From - To) 
      

4. TITLE AND SUBTITLE 
Demonstration of Smart Fluorescent and Self-Healing Coatings for Severely Corrosive 
Environments at Vehicle Wash Facilities 

5a. CONTRACT NUMBER 
      

5b. GRANT NUMBER 
      

5c. PROGRAM ELEMENT NUMBER 
Corrosion Prevention and Control 

6. AUTHOR(S) 
Dr. Ashok Kumar, Dr. L. D. Stephenson, Timothy D. Race, and Tony Bochniak 

5d. PROJECT NUMBER 
CPC FAR-02 

5e. TASK NUMBER 
MIPR6FCERB1020, MIPR6H6AG3CPC1 

5f. WORK UNIT NUMBER 
      

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT 
 NUMBER 

U.S. Army Engineer Research and Development Center 
Construction Engineering Research Laboratory 
P.O. Box 9005 
Champaign, IL 61826-9005 

ERDC/CERL TR-09-31 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Installation Management Command 
Engineering Office, Directorate of Public Works (IMPW-E) 
2511 Jefferson Davis Hwy. 
Arlington, VA 22202 

      
11. SPONSOR/MONITOR’S REPORT 
 NUMBER(S) 

      
12. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES 
Additional Task Number is MIPR6HMBHDE097 

14. ABSTRACT 

This project demonstrated the following cost-effective paint maintenance procedures: utilization of smart coatings containing fluo-
rescing compounds, self-healing microcapsules and purpose-formulated surface tolerant coatings to overcoat existing paints. Smart 
coatings incorporate microcapsules and fluorescing compounds, which are mixed into paint at the time of application. Microcapsules 
instill the coating with self-healing, corrosion resistance and passive sensing capabilities. Fluorescing compounds improve the coat-
ing service life by facilitating faster and better inspections, facilitating early identification of problems and therefore, timely repairs. 
The overcoating process does not require extensive surface preparation, and can be significantly less expensive than other mainten-
ance practices, particularly when the existing coating contains lead or other hazardous materials. 
The smart coatings were demonstrated on pipes used in a water handling system for a central vehicle wash facility. The overcoating 
procedure was demonstrated on two types of structures: steel tanks and corrugated steel hangers. It is recommended that these tech-
nologies be implemented as standard practice for coating of steel structures for the Army and DoD. 

15. SUBJECT TERMS 

corrosion prevention and control, coatings, fluorescing compounds, maintenance, self-healing microcapsules 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE 
PERSON 

a. REPORT 

Unclassified 

b. ABSTRACT 

Unclassified 

c. THIS PAGE 

Unclassified       132 
19b. TELEPHONE NUMBER (include 
area code) 
      

 Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. 239.18 


	Abstract
	Table of Contents
	List of Figures and Tables
	Preface
	Executive Summary
	Unit Conversion Factors
	1 Introduction
	1.1 Problem statement
	1.2 Objective
	1.3 Approach

	2 Technical Investigation
	2.1 Project overview
	2.1.1 Overcoating
	2.1.2 Smart coatings

	2.2 Installation of the technology
	2.2.1 Overcoating
	2.2.2 Smart coatings

	2.3 Technology operation and monitoring

	3 Discussion
	3.1 Metrics
	3.1.1 Overcoating metrics
	3.1.2 Smart coatings metrics

	3.2 Results
	3.2.1 Overcoating results
	3.2.2 Smart coatings results

	3.3 Lessons learned
	3.3.1 Overcoating
	3.3.2 Smart coatings


	4 Economic Summary
	4.1 Costs and assumptions
	4.1.1 Unit area costs
	4.1.2 Cost variability
	4.1.3 Cost comparison

	4.2 Projected return on investment (ROI)

	5 Conclusions and Recommendations
	5.1 Conclusions
	5.2 Recommendations
	5.2.1 Applicability
	5.2.2 Implementation


	References
	Figures
	Appendix A: Project Management Plan for CPC Project FAR-02
	Appendix B: Product Data Sheets
	Appendix C: Economic Analysis of Overcoating and Smart Coatings
	Appendix D: Environmental, Health, and Safety Information
	Appendix E: Suggested Implementation Guidance
	Appendix F: Smart Fluorescent and Self-Healing Coatings for Steel Utilities at Army Installations
	Appendix G: Smart Coatings Condition Assessment Report
	Report Documentation Page

